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PREFACE 

.. This paper was originally presented as a thesis t o  

t h e  Faculty of t h e  Graduate School of Cornel1 Univers i ty  

for the  Degree. of Master of S c i e n c e  by Lieutenant Commander 

P h i l l i p  C .  Johnson. Only min'or changes have been made in 

the  o r i g i n a l  text .  
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INTRODUCTION 

Accurate maps and c h a r t s  have made a l i t t l e  recognized 

b u t  s i g n i f i c a n t  c o n t r i b u t i o n  t o  ou r  na t ion .  These maps and 

c h a r t s  are based on geode t i c  c o n t r o l  surveys  which  de te rmine  

t h e  coord ina tes  of permanently monumented p o i n t s  on t h e  

ground. These monumented c o n t r o l  p o i n t s  are t h e n  used as t h e  

b a s i c  r e fe rences  by which all f e a t u r e s ,  n a t u r a l  and c u l t u r a l ,  

are por t rayed  w i t h  p r e c i s e  re la t ive  p o s i t i o n  t o  each other  

on maps and c h a r t s .  

There are t h r e e  coord ina te s  which can be a s s o c i a t e d  

wi th  each monumented ground p o i n t .  One coord ina te  d e f i n e s  

t h e  monument's v e r t i c a l  d i s t a n c e  above mean sea l e v e l  

(e leva t ion) ,  and t h e  o t h e r  two coord ina te s  d e f i n e  t h e  monu- 

ment 's  h o r i z o n t a l  p o s i t i o n  on t h e  ea r th ' s  s u r f a c e  (these 

coord ina te s  could be i n  feet or meters o r  g e o d e t i c  l a t i t u d e  

and l o n g i t u d e ) .  Because t h e  procedures  used t o  determine 

e l e v a t i o n s  are s i g n i f i c a n t l y  d i f f e r e n t  from t h e  procedures  

used t o  determine l a t i t u d e  and long i tude ,  t h i s  has l ed  t o  

t h e  n a t u r a l  d i v i s i o n  of geode t i c  c o n t r o l  surveying i n t o  

v e r t i c a l  c o n t r o l  surveys and h o r i z o n t a l  c o n t r o l  surveys .  

T h i s  paper i s  concerned wi th  t h e  l a t te r .  

The h i s t o r y  of h o r i z o n t a l  g e o d e t i c  c o n t r o l  surveying  

i n  t h e  United States began on February 1 0 ,  1807, when 

2 
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Congress passed an a c t  which au thor ized  the P r e s i d e n t  

' I . . .  to cause a survey t o  be taken of coasts of t h e  United 
II 1 States, .  . . 
Pres iden t  Thomas Jefferson and the S e c r e t a r y  of t he  

Treasury A l b e r t  G a l l a t i n ,  men of l e a r n i n g  and i n s i g h t ,  
recognized t h e  n e c e s s i t y  of s t a r t i n g  t h i s  work proper ly .  
J e f f e r s o n  asked t h e  learned  s c i e n t i s t s  of t h e  American 
Phi losophica l  Soc ie ty  t o  sugges t  q u a l i f i e d  persons; 
then he asked those  persons t o  propose methods for  
undertaking the work. 

Proposals  were submitted wi th in  s e v e r a l  months 
by Robert Pa t t e r son ,  Andrew E l l i co t t ,  John Garnet t ,  
Isaac Briggs,  Joshua Moore, James Madison, and Ferdinand 
Hassler -- a l l  recognized men of accomplishment. The 
best w a s  t h a t  of Hassler's, a S w i s s  geodes i s t  and 
s c i e n t i s t  of outs tanding  r epu ta t ion .  It provided for 
t h e . . d e t e m i n a t i o n  of t r u e  geographic p o s i t i o n  by 
astronomical  means a t  key p o i n t s  near the  coast, net-  
works of p r e c i s e  t r i a n g u l a t i o n  between these p o i n t s ,  a 
topographic survey of the coast, and a hydrographic 
survey of coastal waters  c o n t r o l l e d  by t r i a n g u l a t i o n .  

Hassler f i n a l l y  s t a r t e d  geodet ic  work i n  1816. 
H i s  letters and r e p o r t s  i n d i c a t e d  a lack of coopera t ion  
by some Government off ic ia ls  who probably lacked 
apprec ia t ion  of the  complexity of t h e  task.  
however, t o  measure t w o  b a s e l i n e s ,  i n  t he  v i c i n i t y  of 
E n g l i s h  Creek, near  Englewood, N . J . r  and a t  Gravesend 
Vi l l age ,  Long I s l a n d ,  and t o  extend f r o m  these a s m a l l  
network of t r i a n g u l a t i o n  over  the bay and harbor of 

H e  managed, 

New York in 1817. 2 

1. A Joseph Wraight and E l l i o t t  B.  Roberts, T h e  Coast 
And Geodetic Survey 1807  - 1957, V.S. Department of Commerce, 
p. 5. 

2. Ib id . ,  p.7. 
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From 1816 u n t i l  World War I ,  h o r i z o n t a l  geode t i c  

surveying i n  the United States progressed s t e a d i l y .  

Or ig ina l  arcs of t r i a n g u l a t i o n  were ' I . . .  i n  t i m e  com- 

p l e t e d  from t h e  Bay of Fundy t o  New Orleans and across 

t h e  con t inen t  a t  the 39th para l le l . ' I  3 

After World War I, geodet ic  surveying a c t i v i t i e s  by 

t h e  f e d e r a l  government were g r e a t l y  acce le ra t ed :  " In t ense  

coverage i n  many a reas  became necessary because of rapid 

i n d u s t r i a l  development and such wide scale ope ra t ions  as 

t h e  Tennessee Val ley p ro jec t . "  

Today the most acute  need fo r  geodet ic  control e x i s t s  

i n  met ropol i tan  areas. 

It is  r i d i c u l o u s  t o  embark, f o r  i n s t a n c e ,  on t h e  

widening of a s t ree t ,  t h e  b u i l d i n g  of an underpass or 

a new sewer, without  p r e c i s e  knowledge of t h e  config- 

u r a t i o n  of the t e r r a i n  and the na tu re  and the l o c a t i o n  

of a l l  f e a t u r e s  i n  t he  a rea .  For a d m i n i s t r a t i v e  pur- 

poses there i s  a very similar requirement imposed by 

t he  mechanics of  t a x  d i s t r i b u t i o n ,  t h e  enforcement of 

laws and s p e c i f i c a t i o n s  r u l i n g  t h e  phys ica l  development 

of t h e  c i ty . .  Then there i s  a deeply-rooted social  

requirement f o r  s ecu r ing  the ownership of land  and 

3 .  I b i d . ,  p.26. 

4 .  Ib id . ,  p.47 .  
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real  estate which, i n  urban a r e a s ,  i s  a p a r t i c u l a r l y  

delicate problem requiring great p r e c i s i o n  and . 

r e l i a b i l i t y .  5 

The agency p r e s e n t l y  charged w i t h  meeting the geode t i c  

requirements of met ropol i tan  a reas  i s  t h e  Nat ional  Oceanic 

and Atmospheric Adminis t ra t ion (NOAA, Department of 

Commerce) .6 

are de lega ted  by NOAA t o  a management c o n t r o l  c e n t e r p  t h e  

Nat ional  Geodetic Survey (NGS) . 

Opera t iona l  and immediate management func t ions  

The n a t i o n ' s  m o s t  r e c e n t  met ropol i tan  geode t i c  g o a l s  

were formulated by NOAA i n  a NGS memorandum, The Cbjec t ives  

for Geodetic Cont ro l ,  da ted  December, 1964. One objective 

w a s  t o  ' I... provide a spacing of accu ra t e ly  determined 

c o n t r o l  p o i n t s  ... tha t  w i l l  m e e t  t h e  needs of ..- urban 

development and renewal ... .'I However, i n  p r a c t i c e ,  t h i s  

w a s  n o t  t h e  case and most of NOAA's geode t i c  resources  w e r e  

devoted t o  meeting t h e  needs of f e d e r a l  u s e r s ,  p r imar i ly  t h e  

Department of I n t e r i o r ' s  Geological Survey and va r ious  

agencies  of t h e  Department of Defense. 

But, i n  September 1 9 6 7 ,  t h e  p o l i c y  statement of 1964 

w a s  r e a s s e r t e d .  

5 .  T . J .  Blachut ,  "Technical and Organizat ion Problems i n  
Urban Surveying and Mapping", The Canadian Surveyor, Sept . ,  
1 9 6 9 ,  p. 411 .  

6 .  Author iza t ions :  P u b l i c  Law 373 - 80th Congress; BOB 
C i r c u l a r  A-80, dated January 31, 1967;  BOB C i r c u l a r  A-16, 
r e v i s e d  May 6, 1967.  
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P r i o r i t y  has  been given t o  Federa l  r e q u e s t s ,  

al though it has been recognized t h a t  most of t h e s e  

reques ts  could be s a t i s f i e d  w i t h  l o c a l  low-accuracy 

surveys connected t o  the  n a t i o n a l  network ..., improved 

equipment now enables  other  o rgan iza t ions  t o  extend 

surveys s a t i s f a c t o r y  fo r  t h e i r  needs...  . Undoubtedly 

t h e  t i m e  i s  r i p e  f o r  more cons ide ra t ion  of non-federal  

requirements ... I t  i s  t h e  r e s p o n s i b i l i t y  of t h e  Coast 

and Geodetic Survey, [NGS] , to assume the leadership, 
to evaluate national ,  as w e l l  as l o c a l  needs,  and t o  

educate  those who a r e  i n  p o s i t i o n s  t o  b e n e f i t  t h e  p u b l i c  

most through the  use of geodet ic  con t ro l .  7 

The Al loca t ion  of Resources f o r  Geodetic Surveys i n  

Metropolitan Areas: Following t h e  1967 res ta tement  of p o l i c y  

by N O M ,  dec i s ions  regard ing  t h e  a l l o c a t i o n  of federal re- 

sources  fo r  geodet ic  surveys i n  met ropol i tan  areas have 

gene ra l ly  been based on three main cr i ter ia :  

1. A p r i o r i t y  l i s t i n g  of met ropol i tan  coun t i e s  based 

on an empirical formula which accounts fo r  popula t ion  d e n s i t y ,  

populat ion growth and s t a t i o n  spacing. 8 

2 .  The degree of awareness by local  o f f i c i a l s ,  

engineers ,  and surveyors on t h e  s i g n i f i c a n c e  and uses  of 

geodetic c o n t r o l .  

7. Samuel P. Hand, Plan fo r  Hor izonta l  Cont ro l ,  DOC, ESSA, 
USC&GS, Rockvi l le ,  Md., dated  September 2 1 ,  1967 ,  pp. i - iii. 

8 .  For a f u l l e r  explana t ion  of the formula,  see: North 

c 

American Datum, Nat iknal  Academy of Sc iences ;  Washington, D.C., 
1971, pp. 57-69. 
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3. The wi l l i ngness  of local agencies  (or t h e  community) 

t o  c o n t r i b u t e  resources  toward t h e  survey and t o  cooperate  

by establishing additional geodetic control of their own. 
These are v a l i d  cr i ter ia ,  i n  p a r t ,  f o r  dec id ing  on t h e  

a l l o c a t i o n  of resources ,  b u t  i n  r e c e n t  y e a r s  government 

agencies  have i n c r e a s i n g l y  turned  t o  bene f i t - cos t  a n a l y s i s  

as a means of measuring a p r o j e c t ' s  d e s i r a b i l i t y  i n  terms of 

e f f i c i e n c y ,  or  i t s  effect o n . t h e  n a t i o n a l  economy. 

The development of cost d a t a  for  urban geodetic c o n t r o l  

i s  r e l a t i v e l y  simple by t h e  use of known and p r o j e c t e d  cost 

for  work of similar e x t e n t  and q u a l i t y .  However, the 

eva lua t ion  of the economic b e n e f i t s  r e s u l t i n g  from t h e  use of 

h o r i z o n t a l  geodetic c o n t r o l  surveys has always been a chal lenge  

t o  t h e  surveying profess ion .  

The purpose of t h i s  paper is  t o  develop t h e  necessary  

methods t o  quan t i fy  b e n e f i t s  and costs, and t o  u t i l i z e  . 

e x i s t i n g  techniques which w i l l  allow a b e n e f i t - c o s t  a n a l y s i s  

t o  be made of met ropol i tan  h o r i z o n t a l  geodetic c o n t r o l  surveys.  

I t  i s  also e s s e n t i a l  t o  demonstrate the  p r a c t i c a l i t y  of such 

an a n a l y s i s .  Benefi t -cost  a n a l y s i s  i n  h o r i z o n t a l  g e o d e t i c  

work has, t o  the best of the  a u t h o r ' s  knowledge, never been 

accomplished. 
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Out l ine  of the Paper: _- Before examining t h e  a p p l i c a t i o n  

of b e n e f i t - c o s t  a n a l y s i s  i n  me t ropo l i t an  h o r i z o n t a l  geodetic 

c o n t r o l  su rveys ,  t h e  f irst  t w o  s e c t i o n s  of t h i s  paper  pro- 

v ide  some i n t r o d u c t o r y  material on geodetic surveying  

techniques and b e n e f i t - c o s t  a n a l y s i s .  Sec t ion  I11 i s  a 

complete mathematical d e r i v a t i o n  of t h e  model used t o  

q u a n t i f y  t he  b e n e f i t s .  

be obta ined  for use i n  t h e  b e n e f i t  model. Sec t ion  V uses  

the benefit model and actual data to compute t h e  benefits 

Sec t ion  I V  e x p l a i n s  how d a t a  can 

from an urban horizontal geodetic control survey in Monroe 

County, N e w  York. Sec t ion  V I  p rovides  a d d i t i o n a l  in format ion  

on b e n e f i t - c o s t  a n a l y s i s  and e x p l a i n s  how b e n e f i t - c o s t  

ra t ios  are computed and used i n  a s e n s i t i v i t y  a n a l y s i s .  
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URBAN GEODETIC SURVEYING 

A survey of a c i t y  can be computed as though t h e  e a r t h  

were a p l ane  s u r f a c e  o r  several p l a n e  s u r f a c e s  t h e  s i z e  o f  t h e  

c i t y .  Consequent ly ,  a c i t y  may have i t s  own unique mathematical  

r e f e r e n c e  system, o r  datum. Many c i t ies  do,  b u t  s i n c e  v a r i o u s  

agencies  engage i n  surveying  w i t h i n  t h e  same area, each may 

e s t a b l i s h  a d i f f e r e n t  r e f e r e n c e  system. For example,  a s p e c i a l  

improvement d i s t r i c t  may have i t s  own datum, a county highway 

department  may have i t s  own datum, and a c i t y  p u b l i c  works 

department  may use  a t h i r d  datum. When t h e r e  are t w o  o r  t h r e e  

d i f f e r e n t  r e f e r e n c e  systems used i n  t h e  same area,  su rveys  f o r  

br idges and streets may n o t  merge and c o n s i d e r a b l e  e f for t  is 

wasted on d u p l i c a t e  surveys .  

The N a t i o n a l  N e t :  A s o l u t i o n  t o  t h i s  problem i s  t o  t i e  

a l l  surveys  t o  t h e  n a t i o n a l  network of s t a t i o n s  main ta ined  by 

t h e  N a t i o n a l  Geodetic Survey. B a s i c a l l y  t h e  NGS h a s  de te rmined  

t h e  l a t i t u d e s  and l o n g i t u d e s  

... for  many thousands o f  marked s t a t i o n s  scattered 

over t h e  United States. Surveys of s m a l l  areas may be 

based on any of these marked p o i n t s  a t  any t i m e  w i t h  

the  a s su rance  t h a t  t hey  may be c o r r e c t l y  coord ina ted  i n  

p o s i t i o n  w i t h  a l l  precise su rveys  and maps o f  t h e  e n t i r e  

count ry  and w i t h  a l l  loca l  su rveys  so connected.  The 

permanency of t h e  r e s u l t s  of  su rveys  t h u s  connected t o  

10 
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t h e  n a t i o n a l  n e t  is also assured  s i n c e  any marked p o i n t s  

t h a t  become l o s t  or  t h a t  lose t h e i r  i n t e g r i t y  may be 

dup l i ca t ed  by new surveys based on nearby s t a t i o n s .  9 

Adequate Urban Geodetic Networks: Metropol i tan areas 

have unique geode t i c  requirements i n  terms of s t a t ion  spacing 

and accuracy, and a s p e c i a l  type of survey cal led an urban 

h o r i z o n t a l  geode t i c  c o n t r o l  survey has  been developed t o  meet 

these needs. lo T h i s  is  a very precise survey w i t h  a r e l a t i v e  

l i n e a r  accuracy of 1 p a r t  i n  100 ,000  between c o n t r o l  s t a t i o n s ;  

t h a t  i s ,  the d i s t a n c e  between t w o  s t a t i o n s  a m i l e  apar t  would 

be known ,within -+ L O 5  feet. Within the  United States t h e r e  

are twenty-three areas where t h e  geodetic networks meet t h e  

O f f i c e  of Managements and Budget's s p e c i f i c a t i o n s  fo r  an 

adequate urban h o r i z o n t a l  geodet ic  c o n t r o l  system (see Table 1.1 

for a l i s t i n g  of these areas). 

Basic U t i l i z a t i o n  Technique: I t  is  important  t o  have 

some understanding of t r a v e r s i n g w h i c h i s  the  m o s t  widely used 

surveying technique fo r  e s t a b l i s h i n g  h o r i z o n t a l  p o s i t i o n s  i n  

met ropol i tan  areas of the  United States. 11 

9.  Coast and Geodetic Survey, (NGS)  Department of Commercep 
Horizontal  Control  Data, Special Pub l i ca t ion  N o .  227,  p.1. 

10 .  Urban h o r i z o n t a l  geodetic surveys as def ined  by t h e  
Office of Management and Budget i n  " C l a s s i f i c a t i o n  and 
Standards of Accuracy of Geodetic Control Surveys", Bureau 
of the  Budget C i r c u l a r  A-16,  Exhib i t  C ,  dated October 1 0 ,  
1958,  pp. 8-10 -- hereafter c i ted as "Exhibi t  C". See 
Appendix A .  

11. According t o  a 1971 geodetic use r s  s tudy  sponsored by the 
. NGS 88 pe rcen t  of a l l  h o r i z o n t a l  surveys i n  met ropol i tan  

a reas  of the United States are accomplished by traverse. 
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Table  1.1 

Areas wi th  Completed Control  
C l a s s i f i e d  as Urban Hor i zon ta l  Geodetic Control  

C a l i f o r n i a  
Los Angeles County 
Napa County 

F lo r ida  
Palm Beach County 
Broward County 
Dade County 

Hawaii 
Oahu Island 

Louisiana 
E a s t  Baton Rouge P a r i s h  

Maryland 
Montgomery County 
P r ince  George's County 

New Mexico 
Albuquerque Area,(Middle Rio Grande Council of 
Governments J u r i s d i c t i o n  Area) 

New York 
Monroe County 
Nassau County 
Rockland Dounty 
Suffo lk  County 
Westchester County 

Ohio 
C i ty  of Akron 
C inc inna t i  ( c e n t r a l  c i t y )  

Oregon 
C i t y  of Portland 

Rhode I s l a n d  (complete) 

Texas 
C i ty  of Houston 

V i r g i n i a  
Arl ington County 
C i ty  of Alexandria 
F a i r f a x  County 
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The system is similar to dead reckoning navigation 

where distances and directions are measured. 

forming a traverse, the surveyor starts at a known 

position lcontrol stationl'with a known azimuth 

[direction] to another point and measures angles and 

distances between a series of survey points [traverse 

stations] . W i t h  the angular measurements, the direction 

of each line of the traverse can be computed; and with 

the measurements of the length of the lines, the position 

of each control point computed. When the traverse re- 

- turns to the starting point or another point of known 

position, it is a closed traverse,' otherwise the traverse 

is sa id  t o  be open. l2 

In per- 

See Fig. 1.1. 

12. Capt. R.K. Burkard, Geodesy.for the Layman, Aeronautical 
Chart and Information Center, St. Louis, Missouri, p. 23. 
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7 
TYPES OF TRAVERSES 

A Closed Traverse on Two Control Stations 

P 
I F  

/ \ 

4 
A \  

\ 

control stations / 

A Closed Traverse on One Control Station 

4 
A \  

An Open Traverse 

4 
A \  

0 
D 

Known Data: :Pos i t i on  of c o n t r o l  s t a t i o n s  B and E 
D i r e c t i o n  of l i n e  BA and EF 

Measured Elements: A l l  Lengths 
A l l  D i r e c t i o n s  

Computed Elements: P o s i t i o n s  of traverse p o i n t s  
(traverse s t a t i o n s )  C ,  D ,  G 

Figure 1.1 
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THE BENEFIT-COST ANALYSIS CONCEPT I N  BRIEF 

Benefi t -cost  a n a l y s i s  has  been def ined  as 

... a p r a c t i c a l  way of a s s e s s i n g  the  d e s i r a b i l i t y  of 

p r o j e c t s ,  where it is important  t o  t ake  a long view 

( i n  t h e  sense of looking a t  repercussions i n  the  fur thur ,  

as w e l l  as t h e  n e a r e r ,  f u t u r e )  and a w i d e  v i e w  ( i n  t h e  

sense  of a l lowing fo r  side-effects of many k inds  on many 

persons,  i n d u s t r i e s ,  reg ions ,  etc.)  i.e. it impl ies  

t he  enumeration and eva lua t ion  of a l l  t h e  r e l e v a n t  costs 

'and b e n e f i t s .  l3 

This  comparison of b e n e f i t s  and costs i s  n o t  analogous 

t o  t h e  de te rmina t ion  of p r i v a t e  p r o f i t .  For exanple ,  an 

undergroundcoalmine may be p r o f i t a b l e  t o  a p r i v a t e  owner, 

b u t  i f  a l l  t h e  social costs could be  accounted for ,  such as 

black lung disease, loss of l i f e  and l i m b ,  water and a i r  

p o l l u t i o n ,  and loss t o  the  s c e n i c  environment, t he  n e t  va lue  

t o  s o c i e t y  may be negat ive.  

While t h e  q u a n t i t a t i v e  a spec t s  of bene f i t - cos t  a n a l y s i s  

are e a s i l y  expressed,  there are s e v e r a l  parameters 

13. A.R. P r e s t  and R. Turvey, " C o s t  - Benef i t  Analysis :  
A Survey," T h e  Economic Journa l ,  V o l .  LXXI, December 
1965, p. 683. 

1 6  
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... which must be s p e c i f i e d  f o r  use i n  t h e  a n a l y s i s  

which are based upon certa in  assumptions, which are 

n o t  always real is t ic ,  and on value judgments which 

are no t  made e x p l i c i t . . .  . I n  add i t ion ,  t h e  conceptual 

t r ea tmen t  of  r i s k  unce r t a in ty ,  secondary e f f e c t s ,  

and e x t e r n a l i t i e s  [on b e n e f i t s  and cost are] ... c r i t i ca l  

t o  t h e  a n a l y s i s .  

more of these factors is  s p e c i f i e d  o r  handled can have 

s i g n i f i c a n t  effects on the resu l t ing  analysis.14 

Also, bene f i t - cos t  data can be combined i n  several 

Often small changes i n  t h e  way one o r  

d i f f e r e n t  ways which may be used as i n d i c a t o r s  of a p r o j e c t ' s  

economic e f f i c i e n c y .  

i n  terms of b e n e f i t s  and cost fo r  urban surveys would be 

t h e  bene f i t - cos t  ratio.  

A proper  choice of e f f i c i e n c y  cr i ter ia  

The bene f i t - cos t  ra t io ,  l i k e  any investment 

c r i t e r i o n ,  i s  s u i t e d  only  fo r  c e r t a i n  k inds  of investment 

dec i s ions .  The economic n a t u r e  of the cost must be 

reasonably uniform; there must be no extreme v a r i a t i o n s  

of c a p i t a l  i n t e n s i t y .  The b e n e f i t s  must be uniform a t  

least  a t  the conceptual  level and must have roughly equa l  

degrees of unce r t a in ty .  And the  l i f e  spans of t h e  

projects among which choices are t o  be made must be of 

the  same order or  magnitude.15 

14. Unpublished no te s  by Associate P ro fes so r  Robert J. Kalter, 

15. O t t o  Ecks te in ,  Water Resources Development: The Economics 

Spr ing  1971,  Cornel1 Univers i ty .  

of Project eva lua t ion  (Cambridge: Harvard Univers i ty  Press, 
1968) ,  p. 55.  Hereafter cited as "Eckstein".  
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All urban geodetic survey proposals formulated within 

the last five years would meet, substantially, these require- 

ments. A standard formula for the computation of benefit-cost 

ratios (for any economic evaluation) can be written as: 

Ba 
T 
c 
t=l (1 + ilt 

(1 + i)t 

- B =  I 
C T 0 I + K  

where Ba = annual benefits in dollars; 0 = annual operating 

and maintenance cost in dollars; T = time period of the 

evaluation in years; K = fixed investment in dollars, and 

i = discount rate in decimal form. l6 The larger the benefit- 

cost ratio, the more desirable would be a project, while a 

benefit-cost ratio less than 1.00 would indicate a project 

was not economically justified. 

The computed benefits and cost expressed in Formula 2.1 

are discounted, or present-day amounts. l7 This is done so that 

annual operating and maintenance cost and benefits occur- 

ring in any future year can be referenced to today's values. 

For example, if an arbitrary discount rate of 6 percent 

is used, and if the benefits from a small 

16. L.W. Libby and R.J. Kalter, Critique of the Economic 
justification for the Genesee River Project at Portageville, 
New York, A.E.Res. 264 ,  Cornel1 University, Ithaca N.Y. p.8. 

17. The choice of a discount rate is a crucial factor in any 
benefit-cost analysis. This aspect will be discussed in more 
detail under The Discount Rate. 
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p r o j e c t  are expected t o  be $100 pe r  year  or  $500 i n  f i v e  

years, then  t h e  present value of the b e n e f i t s  would be 

$ 4 2 1 . 2 4 ,  or  t h e  amount which i f  i nves t ed  a t  6 percen t  

i n t e r e s t  rate and compounded annual ly ,  would y i e l d  $500 

i n  f i v e  years .  Annual ope ra t ing  and maintenance costs are 

viewed s i m i l a r l y .  

The Basic Concept of Quant i fy ing  t h e  Benef i t s :  I t  is 

r a r e l y  p o s s i b l e  i n  any economic a n a l y s i s  of a p u b l i c  i nves t -  

ment p r o j e c t  t o  be able t o  account f o r  a l l  of t h e  b e n e f i t s  

which are known t o  e x i s t  because a l l  conceivable  b e n e f i c a l  - 
uses of a p r o j e c t  wou'ld have t o  be considered and q u a n t i f i e d .  

The approach used i n  t h i s  thesis i s  t o  quan t i fy  only a segment 

of t h e  known b e n e f i t s ;  t h a t  i s ,  t h e  savings i n  t r a v e r s e  cost. 

Using t h i s  approach a p r o j e c t  can be  economically 

j u s t i f i e d  i f  t he  q u a n t i f i e d  b e n e f i t s  are l a r g e  enough i n  

va lue  t o  exceed the t o t a l  cost. Since a l l  of t h e  costs are 

considered, a d d i t i o n a l  unquantif  ied b e n e f i t s  would .only act 

t o  i n c r e a s e  the project ' s  n e t  worth. 

The model (or formula) t o  express  the miles of traverse 

saved is  based on the theory of p r o b a b i l i t y  and can be ex- 

pressed  i n  mathematical n o t a t i o n  as: 

An explana t ion  of the v a r i a b l e s  used i n  t h i s  formula 

is  contained i n  Appendix B.  It should be noted tha t  the 
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ou tpu t  of th i s  formula, the miles of traverse saved, needs t o  

be t r a n s l a t e d  i n t o  d o l l a r s  saved. 

The mathematical d e r i v a t i o n  of t h e  formula i s  n o t  

d i f f i c u l t ,  b u t  it i s  c.omplicated and may n o t  be of i n t e r e s t  t o  

a l l  readers .  For t h e i r  convenience, a very b r i e f  explana t ion  

of the method of d e r i v a t i o n  fol lows:  

1. Mathematically, t h e  p r o j e c t  a r ea  w a s  d iv ided  i n t o  

a checkerboard ' square  p a t t e r n  wi th  t h e  number of  equal -s ize  

squares equal t o  t h e  number of c o n t r o l  s t a t i o n s .  See F i g . 2 . 1 .  

2. A c o n t r o l  s t a t i o n  was considered t o  occupy the 

c e n t e r  of each square.  See Fig .  2.2. 

3.  The square assigned t o  each c o n t r o l  s t a t i o n  w a s  

then d iv ided  i n t o  a series of  r i n g  zones and f o u r  co rne r  

zones. The l a r g e s t  r i n g  zone would be tangent  t o  the  sides 

of the  square.  See Fig .  2.3. 

4 .  A mean area d i s t a n c e ,  D j ,  from each r i n g  zone and 

a mean area d i s t a n c e ,  Dc, f r o m  each corner  zone, w a s  computed 

so t h a t  a circle arc, as def ined  by r ad i i  Dj and Dc, would 

d iv ide  the  zones i n t o  equal  areas. See Fig.  2 . 4 .  

5. Based on a random d i s t r i b u t i o n  of p o i n t s  t o  be 

pos i t i oned ,  it i s  known t h a t  t h e  p r o b a b i l i t y  of a measurement 

being made t o  or  from any zone t o  a c o n t r o l  s t a t i o n  would be 

equal  t o  t h e  a r e a  of t h a t  zone divided by t h e  a r e a  of the  

square enc los ing  the  c o n t r o l  s t a t i o n .  

6. The t o t a l  m i l e s  of t r a v e r s e  ties made t o  or from 

one zone a r e a  would be equal  to:  
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' PROJECT AREA DIVIDED INTO SQUARES 

EQUAL TO THE NUMBER OF CO.NTRO1 STATIONS 

Figure 2.1 
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A CONTROL STATION WOULD OCCUPY 
THECENTER OF EACH SQUARE 

I I I I 
I I I I 

I I I I 
I I I I 

Figure 2 . 2  



23 

EACH SQUARE DIVIDED INTO ZONES 

point of 
tangency 

I 

1 ring zone 1 o f4  corner areas 

Figure 2 . 3  



24 

MEAN AREA DISTANCE FROM RING ZONE(S) 

AND CORNER ZONE(S) TO CONTROL STATION 

Figure 2 . 4  
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(the probability of a measurement being made to a zone) x 

(the mean area distance to the zone) x 

( the number of ties made within  the square area). 

7. Summation computations could then be made of the 

miles of traverse ties made before and after establishing 

the new stations and the difference between the sums would 

be the benefit expressed in miles of traverse. 

The complete mathematical deviation of the model f o l l o w s  

in the next section. 
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COMPLETE DERVIATION OF THE MODEL TO QUANTIFY 
THE BENEFITS I N  MILES OF TRAVERSE SAVED 

A very important  b e n e f i t  of an urban survey would be the 
cost savings i n  traverse miles necessary t o  make C direct con- 

nections'* (C is  a v a r i a b l e  parameter) i n  t h e  new c o n t r o l  

system (a d e n s i f i e d  network) as compared t o  making C direct 

connections i n  the old system. 

Assumptions: The d e r i v a t i o n  of the  b e n e f i t  model is 

based on the fol lowing assumptions: 

1. The o r i g i n a l  c o n t r o l  s t a t i o n s  w i l l  be treated as 

though they  w e r e  spaced i n  a uniform-square p a t t e r n .  

Consider an area X by Y m i l e s  enc los ing  N h o r i z o n t a l  

c o n t r o l  s t a t i o n s .  

u sua l ly  be evenly d i s t r i b u t e d  (see Fig.  3.1). Then i n  order 

t o  form a comparable and workable model, a uniform s t a t i o n  

spacing can be assumed where: 

I n  a real system the c o n t r o l  s t a t i o n s  w i l l  

See Fig.  3.2. During t h e  development o f - t h e  model, t h e  s t a t i o n  

spacing,  P, w i l l  be chosen as a whole number r e s u l t i n g  f r o m  

18. 
between a c o n t r o l  s t a t i o n  and f t h e  first o r  l as t  p o i n t  i n  a 
traverse. See Fig.  3.3. 

A direct connection is defined as the  phys ica l  measurement 

27 
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RANDOM DISTRIBUTION OF CONTROL STATIONS IN A REAL NETWORK 

\X\ 
I 

N = 13 control stations 

' I  

Figure 3.1 
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SYMMETRIC STATION SPACING 

I I I I 
I I I I 

I I I I 
I I I I 

Figure 3 . 2  
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4- . However, i n  t h e  f i n a l  a n a l y s i s  t h e  b e n e f i t ,  'a, can 

be eva lua ted  for  a l l  va lues  of P. 

The author  cons iders  t h i s  a j u s t i f i a b l e  assumption be- 

cause t h e  same number of s t a t i o n s  and t h e  same area is con- 

s i d e r e d  t h a t  a c t u a l l y  e x i s t s  on t h e  ground. Some d i s c r e t i o n  

would have t o  be exe rc i sed  i n  s e l e c t i n g  t h e  X and Y dimensions 

so t h e r e  would be a homogeneous d i s t r i b u t i o n  of control 

s t a t i o n s .  I n  some cases t h e  p r o j e c t  area may have t o  be con- 

s i d e r e d  as s e p a r a t e  subareas.  

2 .  Only t h e  t r a v e r s e  as a method of use w i l l  be con- 

s i d e r e d  i n  t h e  eva lua t ion  of b e n e f i t s  because it accounts f o r  

88 percent  of a l l  h o r i z o n t a l  surveying work i n  met ropol i tan  

areas of t h e  United S t a t e s .  11 

3. I t  i s  assumed a l l  direct  t ies t o  a l l  c o n t r o l  

s t a t i o n s  can be t r a n s f e r r e d  t o  one s e c t i o n  (there are no 

unique s e c t i o n s )  by r e t a i n i n g  t h e i r  r e l a t i v e  r e l a t i o n s h i p  t o  

the  c e n t r a l  c o n t r o l  s t a t i o n ;  and, t h a t  the t ransformat ion  of 

a l l  t ies t o  one s e c t i o n  w i l l  r e s u l t  i n  a random d i s t r i b u t i o n  

of t ies around t h e  c o n t r o l  s t a t i o n .  See Fig .  3 - 3  . Herein 

l ies t h e  fundamental premise on which the  b e n e f i t  model i s  

based: Within the  u t i l i t y  l i m i t s  of a geodetic c o n t r o l  

s t a t i o n  the  d i s t a n c e s  between the  control '  s t a t i o n  and any 

p o s i t i o n s  t o  be determined w i l l  be random. 

4 .  It is  assumed t h a t  on the  average a l l  s t a t i o n s  are 

equa l ly  accessible, and t h a t  direct  t ies between traverse 

s t a t i o n s  and c o n t r o l  s t a t i o n s  are made t o  the  n e a r e s t  c o n t r o l  



31 

4 direct tie to control station 

Transfer of three d i rec t  
t ies A ?  CI E t o  t h e  same 
section. Note: the rela- 
t i ve  relationship t o  the 
control s ta t ion  i s  re- 
tained, although for  the 
model, only the distance 
is  c r i t i c a l .  

:ontrol station 
T P 

l-p+ 
Figure 3 . 3  
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s t a t i o n .  

An occas iona l  blocked l i n e  of s i g h t ,  f o r  example, might make 

it imprac t i ca l  t o  t i e  t o  the n e a r e s t  c o n t r o l  s t a t i o n .  T h i s  

d i s t o r t i o n  of t h e  model would, on t h e  average, t end  t o  cance l  

o u t  because of i ts  a p p l i c a b i l i t y  t o  both t h e  o r i g i n a l  and 

d e n s i f i e d  models . 

It i s  known t h a t  this would no t  always be  t h e  case. , 

The Approach: I f  a p o i n t  (traverse s t a t i o n )  e x i s t s  

w i th in  the XY area (or p r o j e c t  area) then  i t s  p r o b a b i l i t y  of 

being t h e r e  is a c e r t a i n t y ,  or  1.00.  Moreover, s i n c e  a l l  

d i r e c t  connect ions t o  a c o n t r o l  s t a t i o n  can, by Assumption 3, 

be t r e a t e d  as being i n  t h e  same s e c t i o n ,  then  t h e i r  p r o b a b i l i t y  

of be ing  i n  t h a t  s e c t i o n  would a l s o  be  1.00. 

Next, a s e c t i o n  can be d iv ided  i n t o  concen t r i c  circles 

o r i g i n a t i n g  from the c e n t e r  c o n t r o l  s t a t i o n ,  and i n c r e a s i n g  

i n  r a d i u s  u n t i l  a maximum r a d i u s  

i s  reached. 

t h e  - area between the  r a d i i  Ri and Rj, and by d e f i n i t i o n  

See Fig.  3.4 . A r i n g  zone, Zj, is  def ined  as 

R i  - Rj (3.3) 

w i l l  always equal  1 .00  m i l e  u n l e s s  P<l.OO m i l e  o r  P/2 is  

no t  an even number. 

The maximum d i s t a n c e  a direct  t i e  could be made t o  a 

c o n t r o l  s t a t i o n ,  and s t i l l  be w i t h i n  the  s e c t i o n  (corner  

areas only)  would be 
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See Fig. 3.4  . 
The probabi l i ty  of a poin t  being i n  a section i s  1.00 

and the  probabi l i ty ,  L 

Zj, would be proport ional  t o  the  area of the r i n g  zone 

divided by t h e  area of the  sec t ion  

of a point  being i n  any r i n g  zone, j '  

where 

Should a poin t  f a l l  i n  one of the  four  corner sec t ions ,  

Z c ,  the  area would be 

and the p robab i l i t y  would be 

L, = zc /P2 

Based on a maximum cont ro l  s t a t i o n  spacing of 10.00 

m i l e s ,  Table 3.1 gives  t h e  area for each r ing  zone, and Table 

3.2 gives  t h e  area of the  corner sect ions.  Table 3.3 is the  

probabi l i ty  of a direct  t i e  being t o  o r  from a r i n g  zone or  a 

corner  area. 

Example of Probabi l i ty  Computation: I f  the  cont ro l  

spacing P i s  7.00 m i l e s ,  then  t h e  maximum radius  of a r i n g  

zone would be 
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A SECTION DIVIDED INTO ZONES 

P 

Figure 3 . 4  
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T a b l e  3.1 

Area of the Ring Zones 

R -  miles Z. square miles 
3 3 

Ri miles 

0.00 

0.00 

1.00 

1.00 

2.00 

2.00 

3.00 

3.00 

4.00 

4.00 

0.50 

1.00 

1.50 

2.00 

2.50 

3.00 

3.50 

4.00 

4.50 

5.00 

0.78 

3.14 

3.93 

9.42 

7.07 

15-71 

10 . 21 
21 . 99 
13 . 35 

28-27 
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T a b l e  3 . 2  

Area of the Corner S e c t i o n s  

P i n  miles Zc i n  square  m i l e s  

1 - 0 0  

2.00,  

3 . 0 0  

4 .00  

5 - 0 0  

6 . 0 0  

7 .00  

8 . 0 0  

9.00 

1 0 . 0 0  

0 . 2 1  

0 . 8 6  

1 . 9 3  

3 . 4 3  

5 .36  

7.72 

10 - 5 2  

1 3 . 7 3  

1 7  . 38 

2 1  . 46 

zC = P2 - r ( P / 2 ) 2  



The Probabi l i ty  of a Direct Tie Being Made to or from a S p e c i f i c  Ring Zone 
or to or from a Corner Areaa 

Lc c (L j 1 +Lc j P miles L.5 L1 L1.5 L2 L2.5 L3 L3.5 L4 L4.5 L5 

-5 1-00 

1-00 2.00 

1.50 3.00 

2.00 4.00 

2.50  5.00 

3.00 6.00 

3.50 7.00 

4.00 8.00 

4.50 9-00  

5.00 10.00 

. 78  

. 78 

. 35 

. 20 

' -12  

.09 

.06 

05 

- 0 4  

. 03 

- 4 3  

. 2 2  

. 22 

. 2 2  

. 22 

. 2 2  

. 36 

.19 

. 1 5  

. 1 2  

. 09 

.43  . 2 2  

- 3 2  -21 . 2 2  

. 24 34 . 2 2  

. 19  - 2 7  -16 2 2  

16 . 22 0 2 8  . 2 2  

1-00 

1.00 

1.00 

1 - 0 0  

1 - 0 0  

1 - 0 0  

1-00 

1.00 

1 . 0 0  

1 - 0 0  

w 
4 

L = Z./P 2 
j I L, = Z,/P* 

a. Blank spaces ind ica te  a probabi l i ty  of zero, or  a probabi l i ty  of occurrence in a r i n g  
zone which i s  not  used i n  the  summation of p r o b a b i l i t i e s .  
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= P/2 = 3 . 5 0  miles, Rk 

and the area of a section would be 

P2 = 49.00 miles2: 

and taking the'areas of the ring zones and corner sections 

from Table 3.1 and Table 3 . 2  it i s  seen t h a t  

= 10.52 zC 

Z1 = 3.14 

Z2 = 9 .42  

23 = 15.71 

23.5 = 10.21 

2 p2 = 49.00 miles 

The probabilities can be computed from Formulas 3.5 

and 3 . 8  or taken directly from Table 3 - 3  I regardless: 

. 06 

19 

-32 

.21 

= . 2 2  

- 
Ll - 
L2 - 
L3 - 
L3.5 - 
Lc 

- 
- 
- 

K = 3.5 
c (Lj) + L, 1.00 

j b l  



S p e c i f i c a l l y ,  i f  C direct traverse connect ions t o  

c o n t r o l  s t a t i o n s  were made i n  t h e  XY area, then  

would be t h e  number of ties t o ,  or from, area Z.j and 

(3.10) T c = C o  Lc 

would be the  number of ties t o  or  from the  co rne r  areas. 

For a s t a t i o n  spacing of 7.00  m i l e s  (P = 7.00) , and 

a thousand direct connections (C = 1000)  , T a b l e  3 .4  gives 

the number of t ies from each r i n g  zone and the co rne r  zones. 

Bene f i t  Determination: Knowing T j ,  t he  number of ties 

t o  or from a p a r t i c u l a r  r i n g  zone, an approximation of t h e  

t o t a l  m i l e s  of traverse run  t o  o r  from one zone would be 

W j  = D j T j  (3.11) 

D. i s  def ined  as the r a d i u s  of a circle, o r i g i n a t i n g  a t  the 

c o n t r o l  s t a t i o n ,  which would divide the  area Zj i n t o  t w o  equal  

areas. 

3 

Consequently there would be an equal  d i s t r i b u t i o n  of 

t ies on each side of the circle and 

(3 .12)  

would be t h e  averaqe d i s t a n c e  t o  be t r a v e r s e d  from each r i n g  

zone j t o  t h e  va r ious  po in t s .  
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T a b l e  3.4 
Sample D i s t r i b u t i o n  of 1000 T i e s  Made t o  o r  from 

Ring and Corner Zones 

Zones 

Range of 
Dis tances  from a 
Contro l  S t a t i o n  

i n  Miles 

Number of Number of 
Direct T i e s  Direct T i e s  

Made from Made from t h e  
Each Ring Zone Corner Zones 

0.00 - 1.00 

1.00 - 2.00 

2.00 - 3.00  

3.50 - 4.9Sa 

60 

190 

320 

220 

C 780 . 220 

780 + 220 = 1000 connect ions made t o  c o n t r o l  s t a t i o n s  

a. %ax, see Formula 3.4 
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A l l  values  f o r  D .  are given i n  Table 3.5. 
3 

See Fig.  3 . 5 ,  

And 

W, = Dc Tc (3.13) 

would be an approximation of the t o t a l  miles of traverse r m  

from, or to ,  t h e  corner  zones. 

of a circle arc which would d iv ide  the four  corner  zones, eacho 

i n t o  t w o  equal  areas. See Fig. 3.6. 

DC is defined as the  r ad ius  

A l l  values  f o r  D, are given i n  Table 3.5.  The value 

for D, w a s  determined by a reiterative process and for  com- 

pleteness of the model, i ts  de r iva t ion  follows: 

L e t  area of F equal  area 

F + G = R k  2 

Then of G. See Fig. 3.6. 

and 

The (area of segment HI = (area of s e c t o r  a,b,c) - (area of 

t r i a n g l e  a,b,c) or 
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RING ZONE Zi DIVIDED INTO TWO EQUAL AREAS BY RADIUS Di 

Figure 3 .5  
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Values for D -  and D,, Mean Area Distances from the 
Ring Zoaes and Corner Zone Respectively 

Dc 
miles 

Dj 
miles 

Rk 
miles 

Ri Rj P 
miles miles miles 

1 

' 2  

3 

4 

5 

6 

7 

8 

9 

1 0  

0.00 

0.00 

1 - 0 0  

1.00 

2.00 

2.00 

3.00 

3.00 

4.00 

4.00 

0.50 

1.00 

1.50 

2.00 

2.50 

3.00 

3.50 

4.00 

4.50 

5.00 

0 .50  

1 - 0 0  

1.50 

2.00 

2.50 

3.00 

3.50 

4.00 

4.50 

5 .00  

0.35 

0 . 7 1  

1 .27  

1 .58  

2.26 

2.55 

3.26 

3.54 

4.26 

4.53 

0.55 

1.10 

1 .66  

2 . 2 1  

2.76 

3 . 3 1  

3.87 

4.42 

4.97 

5.52 

Rk - D, -- 
-9048  
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CORNER AREAS DIVIDED INTO EQUAL AREAS BY RADIUS Dc 

control station 

area E .u 

L 

Figure 3.6 
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T a b l e  3.6 

U : P 
The Sums of the Average Distances Mul t ip l ied  by the 

P r o b a b i l i t y  of a T i e  Being Made from a 
Ring Zone or Corner Zone 

P,P' j ' c  C U j  P u 

0 0 0 0 0 0 0 0 0 0 

1 .5 .35 .78 - 2 7  055 022 . 1 2  .27 0 39 

2 1.0 - 7 1  - 7 8  055 1.10 022 .24 . 5s 0 79 

3 1.5 1 .27  .43  -55 1.66 .22 .36 1.10 n.46 

4 2.0 1.58 .58 .92 2 . 2 1  .22 .49 1.47 1 .96  

5 2.5 2.26 .28 .63 2.76 022 -61 2.10 2.71 

6 3.0 2.55 - 4 3  1.10 3.31 - 2 2  a73 2.57 3 - 3 0  

7 3.5 3.26 - 2 1  .68 3.87 -22  -85 3.25 ' 4.10 

8 4.0 3.54 - 3 4  1.20 4.42 -22  - 9 7  3 - 7 7 ,  4.74 

9 4.5 4.26 .16 .68 4.97 .22 1.09 4.45 5 ,54  

10  5.0 4 .53  .28  1 .27  5.52 .22 1 .22  5.04 6 .27  

U = D j L j  
j 

Uc = D,L, 

j=k 
= C (D.L.) + D,L, where k = P/2 i 3 3  

Example: if P = 5.0 then 

2.5 2.5 
Up = C ( D j L j )  + D,L, = C U j  + U, where j = 1.0, j = 2.OP 

1 .0  1.0 
j = 2.5 

= -55 + .92 + -63 + . 61  = 2.71 
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Inpu t s  t o  t h e  Model: To use t h e  b e n e f i t  model, several 

types  of information are necessary t o  c a l c u l a t e  C ,  t h e  number 

t h e  miles of of d i r e c t  ties, and t o  express  the  b e n e f i t ,  

traverse saved, i n  d o l l a r s .  A d e s c r i p t i o n  of  t h e s e  i n p u t s  

and t h e i r  uses i n  the model follows. 

BP,P' 

1. Percent  of Surveys Tied t o  the  Nat iona l  N e t :  There 

could be a tremendous amount of surveying done i n  an area, b u t  

i f  it is n o t  connected t o  t h e  n a t i o n a l  n e t  it cannot be  count- 

ed as a b e n e f i t .  

percent  o f  a l l  survey work 'in an area is  t i e d  t o  t h e  n a t i o n a l  

n e t  be fo re  d e n s i f i c a t i o n ,  then  30 percen t  w i l l  be t i e d  t o  t h e  

n a t i o n a l  n e t  a f t e r  d e n s i f i c a t i o n .  Actua l ly ,  t h e  percent of 

t ies  t o  the n a t i o n a l  n e t  should i n c r e a s e  a f t e r - d e n s i f i c a t i o n ,  

b u t ,  a t  the p r e s e n t  t i m e  t h i s  cannot be f u l l y  s u b s t a n t i a t e d .  

It is  assumed, for  example, t h a t  i f  30 

2.  Amount of Closed Traverse: The number of d i r e c t  

t ies  depends on whether o r  no t  a t r a v e r s e  i s  closed; t h a t  i s ,  

i f  a traverse i s  open there i s  only  one direct t i e  made. The 

number of c losed  traverses should i n c r e a s e  a f t e r  t h e  network 

has  been d e n s i f i e d  simply because the  c o n t r o l  s t a t i o n s  are 

closer and it would be easier t o  do so, b u t  aga in ,  t h i s  cannot 

be f u l l y  s u b s t a n t i a t e d .  

3 .  Labor and Operat ing C o s t :  To  express  t h e  b e n e f i t s  

i n  dollars it i s  necessary t o  know t h e  average number of 

men used per t r a v e r s e  p a r t y ,  t h e  number of m i l e s  the  p a r t y  
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can traverse i n  a s p e c i f i c  time pe r iod ,  and t h e  fee charged 

by t h e  p a r t y  per hour o r  day. 

4 .  Number of TraversesRunPer  Year P e r  Organization: 

Th i s  i s  the  most c r i t i ca l  data used i n  t h e  b e n e f i t  model. 

Fo r tuna te ly ,  the  d a t a  base provided by a 1971 NGS u s e r s  

s tudy  (see page 51 1 is  large enough so t h a t  r e g i o n a l  o r  

n a t i o n a l  d a t a  can be used when t h e  local d a t a  base is small. 

5 .  The Number  of Survey Organizat ions i n  One A r e a :  

The b e n e f i t s  i n  a project area can be determined by computing 

t h e  average b e n e f i t s  pe r  survey o rgan iza t ion  and mul t ip ly ing  

t h i s  by t h e  number of app l i cab le  survey organiza t ions .  

One method of determining the  number of a p p l i c a b l e  organi-  

z a t i o n s  i n  an area as used i n  the  NGS's study follows: I t  was 

reques ted  t h a t  the  ques t ionna i r e  s u b m i t t e d  t o  u s e r s  

tu rned  i f  it w e r e  no t  app l i cab le .  

be re- 

The n e t  number of organi-  

z a t i o n s  t o  be inc luded  i n  the a n a l y s i s  fo r  one area should 

be equa l  t o  t h e  number o f  o rgan iza t ions  on the mai l ing  l i s t  

minus the ques t ionna i r e s  n o t  delivered by the  P o s t  Off ice ,  

minus t h e  number r e tu rned  as n o t  app l i cab le .  

60 Survey C o s t ,  Area, and Number of S t a t i o n s :  Data for 

these i n p u t s  can be obta ined  from the Nat ional  Geodetic Survey 

and any p a r t i c i p a t i n g  agencies .  

An example of t h e  use of t h e  b e n e f i t  formula (Formula 

3.19) fo r  Monroe County, New York is presented  i n  Sec t ion  V. 

18a. See page 51. 
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DATA ACQUISITION 

So f a r  t h i s  paper has developed a t h e o r e t i c a l  model f o r  

q u a n t i f y i n g  one segment of t h e  b e n e f i t s  a s s o c i a t e d  w i t h  an 

urban geode t i c  survey. S ince  t h e  e f f e c t i v e  use  of  t h e  model 

depends on a reasonable  means of c o l l e c t i n g  i n p u t  d a t a ,  it i s  

impor tan t  t o  i l l u s t r a t e  a s u i t a b l e  method of data a c q u i s i t i o n  

During June 1971,  t h e  Na t iona l  Geodetic Survey mailed 

over t w o  thousand q u e s t i o n n a i r e s  (see Appendix C )  t o  a l l  

su rveyor s ,  c i v i l  eng inee r s ,  a p p r o p r i a t e  government agenc ie s ,  

and u t i l i t y  companies l is ted i n  t h e  c lass i f ied te lephone  

directories of 4 6  s t anda rd  me t ropo l i t an  s t a t i s t i ca l  areas 

(SMSA) 19-20 (see Appendix D). Over f ive  hundred were re tu rned  

completed, or p a r t i a l l y  completed, for a response rate of 27.0 

percent .  

19-20. The Bureau of t h e  Census recognized 243 s t a n d a r d  metro- 
p o l i t a n  s t a t i s t i c a l  areas (SMSA's )  i n  t h e  1970 census.  Ex- 
cept i n  t h e  N e w  England s ta tes ,  a s t anda rd  me t ropo l i t an  
s t a t i s t i c a l  area i s  a county or group of cont iguous c o u n t i e s  
which con ta ins  a t  least  one c i t y  of 5 0 , 0 0 0  i n h a b i t a n t s  or 
more, or "twin c i t ies"  w i t h  a combined popula t ion  of a t  
l eas t  50,000.  I n  a d d i t i o n  t o  t h e  county,  or  c o u n t i e s ,  conta in-  
i n g  such a c i t y  o r  c i t i es ,  cont iguous c o u n t i e s  are inc luded  
i n  an SMSA i f ,  according t o  c e r t a i n  c r i te r ia ,  they  are 
s o c i a l l y  and economically i n t e g r a t e d  wi th  t h e  c e n t r a l  c i t y .  
I n  t h e  New England s ta tes ,  SMSA'S c o n s i s t  of towns and c i t ies  
i n s t e a d  of  coun t i e s .  Each SMSA mus t ' i nc lude  a t  least  one 
c e n t r a l  c i t y ,  and t h e  complete t i t l e  of an SMSA i d e n t i f i e s  
t h e  c e n t r a l  c i t y  or c i t ies .  

51 
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An examination of t h e  data i n d i c a t e s  t h e  ma i l ing  of  

q u e s t i o n n a i r e s  i s  a s a t i s f a c t o r y  way of  provid ing  t h e  i n p u t s  

t o  t h e  b e n e f i t  model. The response ra te  may have been 

inc reased  by: 

e s s e n t i a l  in format ion ,  seeking t h e  coopera t ion  of local 

surveying a s s o c i a t i o n s ,  mai l ing  t h e  q u e s t i o n n a i r e s  du r ing  

t h e  w i n t e r  " s l ack"  season ,  and sending a follow-up le t te r  

i f  no response was r ece ived  a f t e r  several weeks. 

sho r t en ing  t h e  q u e s t i o n n a i r e  t o  cover only  

-- Cost: The t o t a l  cost of t h i s  p r o j e c t ,  i nc lud ing  a 

computer t a b u l a t i o n  of t h e  r e s u l t s ,  w a s  $3,775. See 

Appendix E for a complete breakdown of  t h e  cost. The 

l a r g e s t  s i n g l e  mai l ing  was t o  Los Angeles -- 1 6 9  ques t ion-  

n a i r e s ,  w i t h  an average of 5 4  q u e s t i o n n a i r e s  mailed t o  each 

SMSA. The estimated cost  of  g a t h e r i n g  d a t a  from an average 

SMSA inc lud ing  postage should n o t  exceed $1.75 p e r  ques t ion -  

na i re ,  or $100.00 t o t a l .  

P u b l i c  Access t o  Information from t h e  NGS Users Study: - 
Data may be obta ined  by w r i t i n g :  

The Director 
The Na t iona l  Geodetic Survey 
Rockvi l le ,  Maryland 20852 
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SAMPLE COMPUTATION OF BENEFITS 

This sample computation of benefits is based on a 

project in Monroe County, New York which was completed 

as a joint effort by the Monroe County Geodetic Survey and 

the National Geodetic Survey. 

The annual benef i t s  w i l l  be calculated from the benef i t  

model formula 

r 1 

N + N' BPtPt = 

For Monroe County (as of December 1971), 

N = 20 stations before densification, 

N t =  532 new stations, 

and the area of the project ' 

= area of Monroe County 

= 673 square miles, 

so that 

P = the station spacing before densification 

= G Z i  
= 

= 5 .8  miles. 

54 
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and 

PI= the station spacing after densification 

= AN/ ( N' t N) 

= J i i  
= 1.1 miles 

Interpolating from Table 3.6 for values of U and U 
P PD 

with arguments P and PI respectively 

= 3.18 

and 

U = 0.43. 
P' 

Table 5.1 was constructed to provide a comparison of 

the data from the Rochester SMSA, four central New York SMSA's 

(including Rochester) , ten northern United States SMSA's, 
ten southern United States SMSA's, and the data for all 

SMSA's (all data is from the 1971 NGS users study). 

Because the response from Rochester was small (10 

questionnaires returned) it was decided to compute the 

benefits based on data from the four central New York SMSA's. 

This was a compromise measure: it was felt that the wider 

data base would best reflect the surveying characteristics 

of the Rochester area before densification, but that any 

unique characteristic of the Rochester area would receive 

some weight. 



Table  5.1 

Comparison of D a t a  Used t o  Compute B e n e f i t s  
(Underl ined D a t a  U s e d  i n  the B e n e f i t  C a l c u l a t i o n )  

Four Ten Ten 
Roches te r  New York Nor the  n Southern  A l l  46 

SMSA SMSA' s a  SMSA' s SMSA'sc SMSA'sd 

37.5 30.7 17.5 23.8 

Miles o f  traverse p e r  p a r t y  p e r  month 13.0 25.0 37.7 38.8 ' 36.9 

Pe rcen t  of surveys t i e d  t o  na t iona l  n e t  51.0 - 
Number o f  men p e r  traverse par ty  * * * * 3.4e 

- 
UI 

o r g a n i z a t i o n  19.1 56 .1  67.3 117.5 103.4 f Number of  t r a v e r s e s  run p e r  y e a r  per 
- 

Percen t  of traverses no t  closed * * * * 7.0e a\ 

Number o f  q u e s t i o n n a i r e s  ma i l ed  25 124 545 602 2432 
Number of  q u e s t i o n n a i r e s  r e t u r n e d  

completed 10 33 118 125 530 
29 - Number of  active survey o r g a n i z a t i o n s  * * * * 

a. 
b. 

C. 

d. 
e. 
f .  
9. 

Albany, Buffa lo ,  Roches te r ,  Syracuse.  
Akron, Boston, Buffa lo ,  Cleve land ,  Columbus, Minneapol i s ,  Albany, D e t r o i t ,  Providence, 
Syracuse.  
Birmingham, Houston, Baton Rouge, F t .  Lauderda le ,  Phaenix ,  A t l a n t a ,  Los Angeles, 
Durham, Albuquerque, M i a m i .  
See Appendix B. 
Varied i n s i g n i f i c a n t l y .  
Based on t w o  answers. 
490 q u e s t i o n n a i r e s  w e r e  i n c l u d e d  i n  t h e  a n a l y s i s  because  30 w e r e  received.too la te  f o r  
processing. 
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The to t a l  number of  d i r e c t  t i e s ,  C,  made dur ing  one y e a r  

i n  t h e  Rochester area would be: 

traverses n o t  c losed)  X (56.1 traverses p e r  yea r  p e r  survey 

o rgan iza t ion )  

of all surveys t ied t o  the national net) = (1.93) (56.1) 

(2.00 - 7 pe rcen t  of t h e  

(29 a c t i v e  survey o rgan iza t ions )  X (31 pe rcen t  

(29 1 

from 

(.31) = 973.4 d i r e c t  ties. 

The b e n e f i t  

B!j.8, 1.1 = [. - 2o ] (3.18 - 0.43) (973.4) 
20 + 532 

= (096) (2.75) (973.4) 

= 2570 miles of traverse saved = B, . 
Expressing M i l e s  of Traverse Saved i n  Dollars: The d a t a  

t h e  f o u r  c e n t r a l  New York SMSA's  i n d i c a t e  one survey 

p a r t y  can t r a v e r s e  25.0  miles p e r  month. This  is  lower than 

t h e  average of t h e  t a b u l a t e d  d a t a  for t h e  southern  and north- 

e r n  SMSA's, and it i s  lower than  t h e  n a t i o n a l  average. It  is 

. d i f f i c u l t  t o  assess why. I t  may r e f l e c t  t h e  climatic con- 

d i t i o n s  i n  C e n t r a l  New York; r e g a r d l e s s ,  it would t ake  one 

p a r t y  102.8 months, o r  based on 160 work hours p e r  month, 

16,448 hours t o  run 2570 m i l e s  o f  traverse. 

The p r e v a i l i n g  surveying f e e  i n  c e n t r a l  New York dur ing  

1970 was $33.10 p e r  hour f o r  a 3.4 man p a r t y .  See Table 5.2. 

Therefore  t h e  cost of t h e  f i e l d  work for  2570 miles of t r a v e r s e  

would be 



Table  5 . 2  

P r e v a i l i n g  Survey Charge fo r  C e n t r a l  New York i n  1969a 

3 Man 3.4 Man 4 Man O f f i c e  
P a r t y  P a r t y b  P a r t y  Computing 

R a t e  

Eas t e rn  New York S o c i e t y  
of Land Surveyors  $32.20 hour  $35.20 hour $38.20 h o u r  $14.00 h o u r  

Mohawk Val ley  S o c i e t y  
of P r o f e s s i o n a l  Land 
Surveyors  $29.00 hour  $31.00 hour $34.00 h o u r  $14.00 hour  

Average Fee $33.10 hour $14.00 hour  

a. Source: Manual of P r e v a i l i n g  Fees for  Land Survey ing  S e r v i c e  Throuqh December 1970, 
The American Congress on Surveying  and Mapping, Washington, D.C. 

b. L i n e a r  i n t e r p o l a t i o n .  
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(16,448 hours) ($33.10) = $544,429 per Year. 

The reduction of cost of computing and adjusting the 

traverse miles saved would also be a benefit. 

sonal experience and consultations with the National Geodetic 

Survey in Rockville, Maryland, and the MacNeil Surveying 

Company in Cortland, New York, a conservative estimate would 

be three hours per eight hours of f i e l d  work. 

puting rate is $14.00 per hour. See Table 5.2. Therefore the 

computing and adjusting cost would be 

Based on per- 

The basic con- 

(16,448 hours) (3/8) ($14.00) = $86,352 per year. 

Then, the total annual savings in traverse cost  as a 

result of the densified network in Monroe County, New York, 

would be 

$5448429 4- $86,352 = $630,781. 
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BENEFIT-COST ANALYSIS AND 
THE COMPUTATION OF BENEFIT-COST RATIOS 

This  paper w i l l  n o t  a t tempt  t o  p r e s e n t  a r igo rous  

academic examination of the inherent value judgements, 

c r i t e r i o n  forms, uses ,  and l i m i t a t i o n s  of bene f i t - cos t  

a n a l y s i s  as it p e r t a i n s  t o  public investment p r o j e c t s .  

Considerat ion w i l l  b e  given only t o  those aspec t s  which 

d i r e c t l y  affect a bene f i t - cos t  a n a l y s i s  of urban h o r i z o n t a l  

c o n t r o l  geodetic surveys.  For those readers who want 

additional information there are several reference works 

on bene f i t - cos t  a n a l y s i s ,  such as R.N. EicKean, E f f i c i ency  

i n  Government Throuqh Systems Analysis, or  E . J .  Mishan, 

C o s t  B e n e f i t  Analysis ,  and 0. Ecks te in ,  Water Resource 

Development. 

Thus f a r  a method has been developed whereby one 

segment of the b e n e f i t s  r e s u l t i n g  f r o m  an urban h o r i z o n t a l  

geode t i c  survey can be q u a n t i f i e d .  It is now necessary t o  

exp la in  the use of the s t anda rd  bene f i t - cos t  r a t i o  formula: 

6 1  
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I n  t h i s  formula t h e  v a r i a b l e s  a r e  based on va lue  judqe- 

ments as w e l l  as q u a n t i f i e d  d a t a .  A d i scuss ion  of each 

v a r i a b l e  fol lows.  

Annual Bene f i t s ,  Ba: T h e  v a r i a b l e ,  B a , ( o r  B p , p ~ ,  a s  it 

is  expressed i n  t he  derived annual b e n e f i t  formula) and t h e  

method of i t s  q u a n t i f i c a t i o n  a r e  presented  i n  de t a i l  i n  

Sec t ions  I11 and V. 

Annual ODeratina and Maintenance Cost ,  0: and the 

Cap i t a l  Investment C o s t ,  K: It i s  e s s e n t i a l  t o  account for  

a l l  c o s t s  i ncu r red  i n  t he  l i f e  of an urban h o r i z o n t a l  geo- 

det ic  survey. The obvious cost would be the t o t a l  c a p i t a l  

investment for  e s t a b l i s h i n g  t h e  survey ( f i e l d  work, admini- 

s t r a t i v e  overhead I adjusting and computing I pub 1 i c a  t i o n  of 
d a t a ,  etc.)  and the annual ope ra t ing  and maintenance cost 

of the  network s y s t e m .  

I n  a s t r i c t  economic sense ,  other types of costs or  

s p i l l o v e r  

inc lude  : 

e f f e c t s  should be accounted for .  

uncompensated damage t o  personal  

These. ' might 

p rope r ty  or  the 

ecology; t r a f f i c  de lays  because of survey ope ra t ions ;  loss 

of a proper ty  owner's t i m e  wh i l e  permission w a s  sought t o  

e n t e r  h i s  proper ty ;  or the sacrifice of some u t i l i t y  t o  the 

small  p a r c e l  of land occupied by the survey mark. 

Carefu l  cons ide ra t ion  of these and other p o s s i b l e  

diseconomies t o  the publ ic  i n d i c a t e s  t h e i r  nega t ive  effect 

on the a n a l y s i s  would be n e g l i g i b l e .  
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The annual ope ra t ing  and maintenance cost f o r  an urban 

h o r i z o n t a l  geodet ic  c o n t r o l  system, i f  t w o  control s t a t i o n s  

were recovered per  day, could be computed as 

= (The N u m b e r  of S t a t i o n s  i n  the 
2 

(8 hours p e r  day) x 

(The P r e v a i l i n g  Fee P e r  Hour for a One-Man 
Surveying P a r t y ) .  

For example, in the Monroe County urban geodetic 

survey t h i s  would b e  

The capi ta l  investment cost, K, would have t o  be ob ta ined  

from the p a r t i c i p a t i n g  agencies .  I n  the .case of the  Monroe 

County urban h o r i z o n t a l  geodetic survey the  t o t a l  capital 
2 1  investment cost  w a s  $555,000. 

Discount R a t e ,  i: 

The choice of i n t e r e s t  rate [or d iscount  ratel 

for  the design and eva lua t ion  of public projects is  . 

perhaps the  most d i f f i c u l t  economic problem and y e t  

one o f  the m o s t  important  ones faced i n  t h i s  f ie ld . . .  

Choice of a rate involves  fundamental social  va lue  

judgements about b e n e f i t s  accru ing  t o  d i f f e r e n t  

*. See Table 5.2. 

21.  Based on data from the Nat iona l  Geodetic Survey and 
the  Monroe County Geodetic Survey. 
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genera t ions  and about t h e  overall  o b j e c t i v e s .  

same t i m e ,  it can h e l p  t o  a s su re  t h a t  c a p i t a l  channeled 

i n t o  t h i s  f i e l d  of investment y i e l d s  as high a r e t u r n  

A t  t h e  

as it would elsewhere. 2 2  

The dilemma of choice as f a r  as federal agencies  are 

concerned, has been a l l e v i a t e d  by t h e  Of f i ce  of Management 

and Budget (0MBl23. 

use a d iscount  rate of 10 .0  percent .  Non-federal agencies  

should re ly  on gu ide l ines  i s s u e d  by their own f i sca l  bureaus.  

The OMB r e q u i r e s  t h a t  federal agencies  

Tim;, T ,  and t h e  Concept of Accounting for R i s k  and 

Uncer ta in ty  i n  the Benef i t s  and Costs: 

cons ide ra t ions  i n  p r o j e c t i n g  estimated b e n e f i t s  and costs 

through t h e  " l i fe"  of a p r o j e c t .  One i s  t h e  p r o j e c t ' s  t r u e  

economic l i f e  and t h e  second i s  the u n c e r t a i n t y  and r i s k  i n  

t h e  es t imated  b e n e f i t s  and costs. 

There are t w o  primary 

"The more durable  a p r o j e c t  t h e  l a r g e r  w i l l  be t h e  

i i  24 share of b e n e f i t s  which cannot b e .  included i n  t h e  a n a l y s i s .  

If it i s  p rope r ly  maintained, an urban geodetic survey i s  an 

extremely durable  project. Phys ica l ly ,  it c o n s i s t s  of a 

system of permanently monumented p o i n t s  and a data f i l e  t h a t  

could l a s t  i n d e f i n i t e l y .  I ts  economic l i f e  would cont inue 

22. Ecks te in ,  p.  94  

23. O f f i c e  of Management and Budget, C i r c u l a r  N o .  A-94 
Revised, dated March 2 7 ,  1972.  See Appendix F. 

2 4 .  Ecks te in ,  p. 83 .  
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u n t i l  it could no longer  meet t h e  accuracy requirements of 

the community; or  w a s  rendered obsolete by a "black box" 

system which would n o t  r e q u i r e  t h e  monumented p o i n t s .  

would be con jec tu re  t o  cons ider  a p o i n t  i n  t i m e  when e i t h e r  

even t  might occur ,  and accordingly,  t h e  t r u e  economic l i f e  

I t  

of an urban survey i s  not  determinable .  

The b e n e f i t s  and costs q u a n t i f i e d  today may n o t  be 

a c c u r a t e  measures by which t o  gauge f u t u r e  b e n e f i t s .  

S p e c i f i c a l l y ,  f u t u r e  b e n e f i t s  w i l l  be affected by changes i n :  

popula t ion  growth and d i s t r i b u t i o n ,  labor costp technology, 

p rope r ty  values, l e g i s l a t i o n ,  and p r o f e s s i o n a l  s tandards .  

The aggregate  effects of t h e s e  changes are also impossible  

t o  p r e d i c t .  

S ince  the u l t i m a t e  effects of these changes on b e n e f i t s  

are n o t  known, there are t w o  adverse connotat ions:  one,  t h e  

overstatement  of b e n e f i t s  could i n d i c a t e  an i n e f f i c i e n t  

project w a s  e f f i c i e n t ;  o r  t w o ,  the understatement of b e n e f i t s  

could i n d i c a t e  an e f f i c i e n t  project  w a s  i n e f f i c i e n t .  One 

approach for  r i s k  adjustment would be the  sys t ema t i c  and 

a r b i t r a r y  reduct ion  of b e n e f i t s  a t  some p o i n t  i n  t h e  f u t u r e  

y e a r s  of a p r o j e c t .  T h i s  approach as an adjustment fo r  r i s k  

would n o t  be s a t i s f a c t o r y  because the b e n e f i t  model q u a n t i f i e s  

o n l y  one segment of b e n e f i t s :  and, numerous b e n e f i t s ,  i n  

a d d i t i o n  t o  the  reduct ion  i n  traverse cost r e s u l t i n g  from a 

d e n s i f i e d  network, are known t o  e x i s t .  
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A s u i t a b l e  s o l u t i o n  t o  a d j u s t  fo r  r i s k  and u n c e r t a i n t y  

might be the s e l e c t i o n  of an a r b i t r a r y  economic l i f e  and to  

maintain a s t a t i c  l e v e l  of b e n e f i t s .  According t o  Ecks te in ,  

... c a p i t a l  i n t e n s i v e  p r o j e c t s ,  w i t h  ra t ios  of o p e r a t i n g  

and maintenance costs t o  fixed c o s t  of 0 . 0 1  o r  so 

[as i n  the case of urban surveys] are much more affected 

[by t h i s  method1 than others. Since it i s  the fixed 

investment t h a t  is r i s k y ,  the  ope ra t ing  cost always 

being s u b j e c t  t o  suspension,  it is  sound t h a t  the  

cap i t a l - in t ens ive  p r o j e c t s  should be pena l ized  more by 

t h i s  r i s k  adjustment,  and t h i s  i s  one advantage of the 

method. 

However,Eckstein also no te s  t h a t  

... there a r e  t w o  s e r i o u s  drawbacks t o  t h i s  device f o r  

25 

a d j u s t i n g  fo r  r i s k ,  first it i s  c a p r i c i o u s ,  s i n c e  it 

only penal ized  p r o j e c t s  w i t h  an economic l i f e  longer  

than an a r b i t r a r y  number of y e a r s  ... . I n  fac t ,  

extremely durable  p r o j e c t s  ... may be less r i s k y  than  

f a i r l y  durable  i n s t a l l a t i o n s  w i t h  a c lear ly  de f ined  

phys ica l  end, s i n c e  the  genuinely permanent i n s t a l l a t i o n  

[such as a geodetic urban survey network] may f i n d  uses  

i n  the f u t u r e  of which w e  cannot even conceive w i t h  

p re sen t  technology. I n  any even t ,  there i s  no s i g n i f i c a n c e  

25. Ib id . ,  p.85.  
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t o  ... ran a r b i t r a r y  y e a r  for  c u t t i n g  off bene f i t s ] , . . .  

and it merely obscures t h e  t r u e  re la t ive m e r i t  of 

d i f f e r e n t  p r o j e c t s  when there are d i f f e r e n c e s  i n  

t h e  expected economic l i fe .  26 

It is  t r u e  t h a t  an urban geode t i c  survey could be p u t  

t o  uses  n o t  conceivable  today; however, E c k s t e i n ' s  main 

concern i s  t h a t  p r o j e c t s  with d i f f e r e n t  economic l ives  

would n o t  be penal ized  equa l ly .  

w i th  an urban geode t i c  survey. Regardless of what their 

t r u e  economic l i f e  is, it is  t h e  same for  a l l  of them. 

This  would n o t  be t r u e  

That is, they  are a l l  e q u a l l y  accu ra t e  and e q u a l l y  s u s c e p t i b l e  

t o  obsolescence.  

E c k s t e i n ' s  second p o i n t  i s  tha t  a " l i m i t  on the period 

of a n a l y s i s  can also lead t o  sys t ema t i c  misplanning i n  the  

formulat ion of p r o j e c t s .  Many i n s t a l l a t i o n s  ... can be plan- 

ned for d i f f e r e n t  economic l ives." 2 7  T h i s  would n o t  apply 

t o  the  type  of urban geodet ic  surveys established by the  NGS 

because no known f u n c t i o n a l  r e l a t i o n s h i p s  e x i s t  whereby a 

survey could be planned fo r  a s p e c i f i c  economic l i fe .  

The s e l e c t i o n  of an a r b i t r a r y  t i m e  period for the  

a n a l y s i s  of survey b e n e f i t s  seems t o  be a s u i t a b l e  means t o  

account f o r  r i s k  and u n c e r t a i n t y ,  and the  ques t ion  becomes: 

What should be the t i m e  hor izon for  computing the  b e n e f i t s ?  

26 .  Ibid.  

27.  Ib id .  
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and c o s t s ?  Rather than  d i r e c t l y  answering t h i s  ques t ion ,  

several t i m e  pe r iods  can be e l e c t e d  a t  perhaps f i v e  o r  t e n  

year  i n t e r v a l s ,  and bene f i t - cos t  ra t ios  can be computed for  

each t i m e  per iod.  

Sample Computation of t h e  Benefit-Cost Rat ios:  Benefi t -  

cost ra t ios  are computed from Formula 2.1. 

T Ba c 

For example, i f  va lues  f o r  Ba, K, and 0 are taken from 

Table 6 .1 ,  and i f  w e  l e t  i = .10 and T = 15 y e a r s ,  w e  g e t  

t h e  bene f i t - cos t  r a t i o  for  t h e  Monroe County p r o j e c t  i n  i ts  

15 th  year.  

15 

B 
C 
- 

c $631,000 
t=l 
15 

( 1+ . 1 0 )  t 

$31,000 + $555,000 
(1-. 1 0 )  ' I  15 

- 6.00 
1.00 

A ra t io  of 6.07:l.Oo means t h a t  i n  t h e  15 th  year  of t h i s  

p r o j e c t ' s  economic l i f e  s o c i e t y  would have experienced a re- 

t u r n  of $6.07 fo r  each $1..00 inves ted .  

S e n s i t i v i t y  a n a l y s i s :  Federal  agencies  must use a d iscount  

rate of  10 .0  pe rcen t  t o  determine i f  a p r o j e c t  i s  economically 

j u s t i f i e d .  However, it is  usua l  t o  compute several b e n e f i t -  

cost ra t ios  f o r  each chosen t i m e  pe r iod  by varying t h e  d i s -  

count rate o r  changing t h e  scale of  t h e  expected annual bene- 

f i t s .  
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Table 6 . 1  

Soc ia l  Cost and Benefits  of the Monroe County, New York, 

Horizontal Urban Geodetic Survey 

Rounded O f f  to the Nearest Thousand Dollars 

Capital Investment 

Annual Maintenance Cost 

Annual Benefits  

$555,000= 

$3  1 ,o  0 ob 

$631 , O O O c  

a.  See page 63 .  

b. See page 6 3 .  

C .  S e e  page 59 .  
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This analysis of the sensitivity of the benefit-cost 

ratios to changes in the variable i, T, and Ba is essential 

for determining the range of conditions over which a project 

is economically justified. 

Such a sensitivity analysis, Table 6.2, was made for the 

Monroe County urban horizontal geodetic control survey. 

this analysis, - none of the benefit-cost ratios are less than 

2.67. This demonstrates (over the range of conditions tested) 

that this was a very desirable project in terms of economic 

In 

efficiency . 
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Table 6.2 

S e n s i t i v i t y  of Benef i t -Cos t  Ratios t o  Changes i n  
I n t e r e s t  Rate and Time Horizona 

Time Horizon 

5 1 0  1 5  20 30 50 Interest 

B e n e f i t  Cost Ratios 

5 . 0 0  - 3.96 6.13 7.47 8.35 9 . 4 0  10.28 

7.50 3.75 5 . 6 4 .  6.72 7.38 8.09 8.55 

10.00 3.56 5.20 6.07 6.56 7.02 7.26 

12.50 3.37 4.81 5.50 5.86 6.16 6.27 

S e n s i t i v i t y  of Benef i t -Cos t  Ratios t o  25  P e r c e n t  Changes in 
Scale a t  10.000 Percent I n t e r e s t  

T i m e  Horizon 
~ 

I n t e r e s t  5 10 1 5  20 30 50 
B e n e f i t  C o s t  Ratios R a t e  

10.0Ob 2.67 3.90 4.55 4.92 5.26 5.44 

10.  ooc 3.56 5.20 6.07 6.56 7.02 7.26 

10.0Od 4.45 6.50 7.59 8.20 8.78 9.07 

A l l  b e n e f i t - c o s t  ra t ios  based on annua l  benefi ts  of $631,000 
per year except as noted.  

a. B e n e f i t - c o s t  ra t ios  computed from Formula 2 . 1. 

b. B e n e f i t - c o s t  ra t ios  based on a n n u a l . b e n e f i t s  of $473,000. 

c. B e n e f i t - c o s t  ra t ios  based on  annual  b e n e f i t s  of $631,000. 

d. B e n e f i t - c o s t  ra t ios  based on  annual  b e n e f i t s  of $789,000. 
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SUMMARY 

It has been demonstrated that it is practical to make a 

benefit-cost analysis of an urban horizontal geadetic control 

network. Standard benefit-cost analysis techniques were used 

but it was also necessary to develop a model to quantify 

benefits. The derivation of the benefit model (which quanti- 

fies the annual savings in traverse cost) represents an 

original work. 

As a result of the methods developed in this paper it is 

now possible for public administrators and other decision 

makers to use benefit-cost analysis as a rationale for decid- 

ing on the allocation of resources for urban horizontal geo- 

detic control surveys. It also provides them with a means OS 

justifying their requests for additional funds for geodetic 

control. Moreover, special interest groups, such as the asso- 

ciations for private surveyors, can use the same methods for 

influencing the spending of public monies. 

Conceptually better benefit models may exist than the one 

used in this paper 

It may also be possible, by using the concepts developed in 

the benefit model and in the utilization of existing benefit- 

cost analysis techniques, to make a benefit-cost analysis of 

vertical geodetic control surveys. 

encouraged. 

and their development should be encouraged. 

Work in this area is also 
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CLASSIFICATION AND STANDARDS O F  ACCURACY 
O F  GEODETIC CONTROL SURVEYS 

Approved by the Bureau of the Budget and referred to 
in Bureau of the Budget Circular A-16, Exhibit C., dated 
Oct. 10, 1958. 
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CLASSIFICATION AND STANDARDS O F  ACCURACY 
OF GEODETIC CONTROL SURVEYS 

INTRODUCTION 

The Government of the United States makes nationwide surveys, 
maps and charts of various kinds. These a r e  necessary to provide 
basic information for the conduct of public business at all levels of 
government, fo r  planning and carrying out National and local pro- 
jects, and programs for  the best use  and development of natural re- 
sources ,  and fo r  National defense. Principal types of maps a r e  
topographic, geologic, soil, and those which show timber and other 
natural vegetation. Principal charts a re  nautical and aeronautical. 
All maps and charts a r e  originally based on surveys, and in! addi- 
tion the survey category includes surveys of the public lands (ca- 
d a s t r a l  su rveys ) ,  and hydrologic. and meteorological  surveys.  
State and local governments regularly cooperate in various par t s  
of the total surveying and mapping program, and business and in- 
dustry not only profit f rom survey r e s u l t s  b u t  in many instances 
make their  own surveys. 

In making surveys and maps of large areas, whether financed 
by public authority o r  by private corporations o r  individuals, it is 
first necessary to establish a framework of control survey posi- 
tions. This not only insures that the detailed local surveys neces- 
sa ry  for  the construction of any map o r  char t  sheet wi l l  be done 
most economically, but also that such sheets, when completed, will 
join properly along their  borders .  Surveys of l a rge  a reas  must 
take into account the curvature of the earth. For small areas ,  such 
as  a farm, a city lot o r  even a small city, the curvature may be ig- 
nored. Larger areas must be surveyed by methods which recognize 
that the earth i s  a flattened sphere, o r  spheroid. Such surveys a r e  
called geodetic. They a re  executed with high precision, and are the 
framework of surveys to control National mapping and charting oper- 
ations a s  well as  large engineering projects. Geodetic surveys and 
control surveys are t e rms  which a r e  used almost synonymously. 

Control surveys a r e  of two c lasses ,  horizontal and vertical. 
Horizontal control surveys establish latitude and longitude posi- 
tions and provide the basis for  rectangular coordinates, including 
state coordinate systems. Vertical control surveys determine ele- 
vations referred to mean sea level. 

Horizontal control surveys a re  carried out by triangulation (a 
procedure of determining the lengths of the sides of a system of 
joined o r  overlapping triangles by measuring occasional side lengths 
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upon the ground and computing the others from angles measured at 
the ver t ices) ,  and by t rans i t  and tape t raverses .  The lengths of 
triangle sides o r  of t raverse  distances may also be measured by 
electronic instruments, which measure the travel time of a beam of 
light o r  radio pulse. Recent progress in the development of such 
instruments indicates increasing u s e  of such procedures. 

Vertical control surveys a r e  carr ied on by precise leveling. 
The instruments used a r e  of higher precision than those used in 
ordinary s p i r i t  leveling for surveys of small  a reas ,  and the com- 
putations and final adjustment refer the resultant elevations to mean 
sea level.. 

The accompanying tables group control surveys into orders  and 
classes, in accordance wi th  certain standards of accuracy. The 
recommended spacing o r  distance between survey stations is also 
indicated. These standards a re  primarily intended for the guidance 
of Federal agencies in performing and classifying their control s u r -  
vey operations. They should also be useful to State and local gov- 
ernments, and to private corporations and individuals. 

These classifications were prepared by the Bureau of the Bud- 
get in cooperation with the Federal agencies concerned in making 
control surveys  o r  in utilizing the i r  resul ts .  These include the 
Coast and Geodetic Survey, Department of Commerce; the Geo- 
logical Survey and the Bureau of Land Management, Department of 
the Interior;  The Fores t  Service and the Soil Conservation Ser-  
vice, Department of Agriculture; the Army, the Navy and the Air 
Force, Department of Defense. After being prepared by representa- 
tives of the Federal agencies, the standards of accuracy w e r e  re- 
ferred to the American Society of Civil Engineers and to the Ameri- 
can Congress on Surveying and Mapping for review and comment. 
The opinions of other organizations and individuals were also re- 
quested and received. After consideration of all comments the origi- 
nal draft w a s  revised in this, its present form. 

BASIC GEODETIC PROGRAM 

A basic program for establishing geodetic control described in 
these classifications i s  in progress to provide adequate spacing as 
well a s  sufficient strength and accuracy to meet the needs and satis- 
fy the requirements of engineers and scientists engaged in the de- 
velopment and conservation of the resources of the United States. 

The horizontal control network of the United States consists of 
a framework of a rc s  of triangulation extending north to south and 
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east to west  and crisscrossing each other a t  intervals of about 60 
miles. The areas  between the a r c s  are subdivided with networks 
of single triangles , supplemental a r c s ,  o r  t raverses .  

The basic program for the ultimate development of the verti-  
cal control net of the United States is to form loops of first-order 
lines spaced at  60-mile intervals, divided by lines of second-order 
leveling spaced at  25- to 35-mile intervals.  In areas where the 
interest and need for leveling require closer spacing the first-order 
spacing may be less  than 60 miles. In a reas  where conditions re- 
quire i t ,  a spacing of second-order lines at  6-mile intervals may 
be establ ished.  The re ference  datum shal l  be mean sea level. 

HORIZONTAL CONTROL 

.. Generally, the density of permanently marked control points 
should be in direct ratio to land values. In metropolitan areas and 
along interstate highway systems a spacing.at 1 o r  2 mile intervals 

. may be required and in rural  areas  of high land value a spacing of 
3 to 4 miles may be desirable. Although wider spacing may suffic'e 
for Federal topographic mapping, closer spacing may be needed for 
property surveys, highway programs, transmission lines, reclama- 
tion projects, and numerous other engineering activities. The more 
closely spaced stations should be so situated that they a r e  readily 
available to local engineers. 

TRIANGULATION 

Economic, engineering, and scientific progress has brought an 
increasing number of requests for  higher accuracies in basic first- 
order triangulation. The range of accuracies is so great that it is 
necessary to divide first-order into three classes so that satisfac- 
tory standards of accuracy can be established. 

Firs t -order ,  Class  I: The high value of land in urban areas ,  
. the study of small  systematic movements in the earth 's  c rus t  in 
areas subject to earthquakes, and the testing of military equipment 
for the National defense require that the triangulation used by engi- 
neers  and scientists in these varied activities should have an ac- 
curacy of at least 1 part  in 100,000. Extensive surveys of this na- 
t u r e  should make adequate connections with the a rc s  that make up 
the National triangulation network. Surveys of such accuracy a r e  
designated as Class I of First-order.  

Firs t -order ,  Class  11: The basic National horizontal control 
network consists of a rcs  of triangulation spaced about 60 miles a- 
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part  in each direction, forming a reas  between the arcs which are 
approximately square. The a rc s  are planned as chains of quadri- 
la terals  o r  central  point f igures,  so that the lengths of the sides 
may be computed through two  different chains of triangles. The 
program for  the completion of the network in the United States in- 
cludes establishing area networks of triangulation within these 
squares o r  loops formed by the a r c s .  To maintain satisfactory 
mathematical consistency within the a r e a  networks, these basic 
arcs should be measured  with an accuracy of at leas t  1 part  i n  
50,000. Most of these pr imary  a r c s  have c losures  in length and 
position which a r e  of the o r d e r  of 1 p a r t  in 75,000 o r  1 par t  in 
100,000. Triangulation of this standard of accuracy is designated 
as Class XI of First-order. 

First-order, Class 111: There are many additional demands for 
f i rs t -order  triangulation within this  National framework, and in  
some c a s e s  even independent of the National net. State, county, 
and private engineering organizations as well a s  branches of the 
Federal  Government have need for  horizontal control that would 
have a minimum accuracy of 1 par t  in 25,000. Surveys of this ac- 
curacy have long been recognized both Nationally and internation- 
ally as first-order and have attained the status of a widely accepted 
standard. 

In the adjustment of the first-order National network, the sur- 
veys of Class I will  have precedence and should not be distorted to 
adjust them to surveys executed under the specifications of Class  
11. When the surveys of Class I11 are rigidly adjusted to the basic 
network, their  accuracy should be improved. 

The placing of first- o r  second-order control points within the 
loops of the basic network requires the extension of area networks, 
cross  arcs ,  o r  traverses.  These specifications list two classes  of 
second-order triangulation. 

Second-order, Class I: This class includes the networks cover- 
ing the areas within the arcs  of the basic network and, if area nets 
are not feasible, i t  includes the cross  a r c s  which would be used to 

' subdivide the area.  The internal closures of this c lass  of survey 
should indicate an average accuracy  of 1 par t  in 2 5 , 0 0 0 ,  with no 
portion l e s s  than 1 in 20,000. 

Second-order, Class  11: This class of triangulation i s  used  to 
esta-raphic surveys along the coastline and 
inland waterways. It may also be used  for  further breakdown of 
control within any of the higher classes of triangulation. This c lass  
of survey o r  any of the higher c lasses  may be used by engineers 
for controlling extensive property surveys. The minimum accuracy 
to be allowable in C l a s s  I1 of Second-order is 1 p a r t  in 10,000. 
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Third-order triangulation: Triangulation of this order should 
be supplemental to triangulation of a higher order  for  the control 
of topographic o r  hydrographic surveys,  o r  for  such other  pur- 
poses for which it may be suitable'. Although it wi l l  usually be es- 
tablished a s  needed for  a specific project, third-order triangula- 
tion should be permanently marked, and azimuths should be ob- 
served to visible prominent objects, so that the work may be avail- 
able for future projects and miscellaneous uses in the area. Points 
located by third-order triangulation may be expected to have an 
absolute position determination within 10 feet o r  less in relation to 
the adopted datum defined by higher-order positions in the area. 
The work should be performed with sufficient accuracy to satisfy 
the standards listed in Table 1. 

Standards for surveys below third-order a r e  not included in 
these classifications . 

BASES 

Bases for the control of the lengths of lines in the triangulation 
should be measured by appropriate methods and instruments, so 
that the standards in Table I are satisfied. Recent developments 
in electronics indicate that accuracies comparable to those obtained 
with invar tapes may be expected from the Bergstrand geodimeter 
or s imi l a r  instruments .  The intervals between bases  should be 
such that the standards regarding strength of figure ( C  R1) also are 
satisfied. 

TRAVERSE 

Trave r ses  a r e  used to supplement all o rde r s  and c lasses  of 
triangulation, and to provide closer and more  adequate spacing of 
horizontal control points. A triangulation net in an urban area  pro- 
vides a framework for  a complete t raverse  network of first- and 
second-order accuracies. It is neither economical nor feasible to 
u s e  triangulation for this closer spacing. There a re  some sections 
of the United States in addition to these urban areas where t raverse  
can be used efficiently to subdivide the basic network and provide 
the fundamental spacing of control specified in the national program. 

First-order traverses should preferably be connected to Firs t -  
order triangulation stations of Class I o r  Class 11. K they a r e  con- 
nected to Class I11 of first-order they might be used and given some 
weight in the adjustment of this c lass  of triangulation. The mini- 
mum requirement of accuracy for a first-order t raverse  is 1 part  
in 25,000, y e t  f i rs t -order  t raverse  networks, properly executed, 
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will average about 1 part in 40,000. This value is expected and de- 
sired. Detailed standards a r e  listed in Table 11. 

Traverses of second- and third-order accuracy a re  tied to tri- 
angulation or traverse of the same o r  higher order. They a r e  used 
extensively for cadastral  or  property surveys and mapping. For 
property surveys, the value of the property should, in general, de- 
termine the accuracy to be used. For map control, the scale of the 
map and the positional accuracy required usually govern. Details 
of these orders of t raverse  a r e  also listed in Table 11. 

TRILAT ERAT ION 

Electronic techniques a r e  increasingly used for  the measure- 
ment of distances and, through the geometric combination of these 
distances, networks of trilateration or t raverse  a r e  developed. In 
general, the same standards in regard to position closure may be 
applied a s  are used in triangulation and t raverse .  

VERTICAL CONTROL 

LEVELING 

One of the most important i tems in the development of a con- 
trol level net is establishing marks  that wi l l  remain stable. Re- 
leveling has shown that there is considerable vertical movement of 
bench marks. In some sections of the country there a re  many fac- 
tors contributing to ver t ical  change, such a s  removal of under- 
ground water,  removal of underground gas  and oil ,  f ros t  action, 
settling of the soil due to increased moisture  content during the 
rainy seasons, changes in the underground water table, fault lines, 
earthquakes, etc. Some of these a r e  so deep-seated that in some 
areas it is impossible to establish a mark that wi l l  remain stable. 
However, some of these vertical  changes can be overcome by in- 
stalling "super" o r  "basic" marks  at  intervals along the line of 
leveling. The usual practice is to establish a concrete-post type 
mark a t  one-mile intervals along a line of f i rs t -  or second-order 
leveling, with a "basic" mark at  5-mile intervals. Releveling has 
shown so many vertical changes that it is advisable to consider re- 
leveling f i r s t -o rde r  l ines  a t  l ea s t  a t  25-year intervals ,  and, in 
areas  where the vertical change is rapid, releveling a t  least  a t  5- 
year intervals'. Where vertical  change has  reached a rate of one 
foot per  year .  releveling every two yea r s  may be advisable. In 
addition to the determination of the elevations of regular bench 
marks,  which a re  installed along the routes of precise level lines, 
supplementary elevations should be determined a t  points such as 
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road intersections, railroad crossings,  etc., which can be readily 
identified in aerial photographs. 

In f i rs t -order  leveling the requirement is for  a forward and 
backward running that agree  within 4 mm. t imes  the square root 
of the length of section in kilometers. If second-order leveling is 
run with the same equipment a s  f i rs t -order ,  it can be single run, 
with loop closures within the cr i ter ion 8.4 mm. t imes the square 
root of the distance around the loop. In remote areas where a sec- 
ond-order line is longer than 25 miles  due to the fact that routes 
are unavailable for  an additional network development, the l i n t  
should be double-run. This is defined as Class  I of Second-order. 
The single-run area leveling is defined as Class I1 of Second-order. 
Summaries of these classifications are listed in Table 111. 

Third-order leveling should be used to subdivide the area sur- 
rounded by first- and second-order leveling and should be per- 
formed so that the standards in Table I11 are satisfied. Trigono- 
metric leveling may be considered as fourth-order leveling, and 
the elevations thus determined are  l isted with the triangulation 
data. 

March 1,  1957 



CLASSIFICATION AND STANDARDS OF ACCURACY 

TABLE I 

TRIANGULATION 

First-order Second-order Third-order 

Class I Class I1 Class I11 Class  I Class I1 ( S s u  ( o m }  (s-a 
Principal uses Urban surveys, Basic net- .All other. Area net- Coastal Topographic 

scientific w o r k  works and areas, in- mapping 
studies supplemental land water-  

c ross  a rcs  ways and 
in national engineering 
net surveys 

Spacing of arcs Stations: Arcs: Stations: Stations: As required As required 
or DrinciDal 1-5 miles o r  60 miles. 10-15 miles 4-10 miles - .  ~ 

~ 

stations * greater as Stations: 
required 10-15 miles 

Strength of figure 
CRI between bases 

'Desirable limit 25 
Maximum' limit 30 

60 80 80 
80 110 120 

Single figure 
Desirable limit 

5 10 15 16 R1 

R 2  10 

R1 - 10 
Maximum limit 

R2 15 

3 0  50 70 

25 25 25 

60  80 100 

100 125 
130 175 

25 25 

80 120 

40 50 

120 170 
0 

00 
' a b  

*Additional stations of same accuracy may be interspersed among principal stations 



Base measurement . 
Actual error  not 

to exceed 

Probable e r ror  not 
to exceed 

Triangle closure 
Average not to 

exceed 

to exceed 
Maximum seldom 

Side checks 
Ratio of maximum 

difference of logs 
of sides to tab. 
diff. for 1" of 
log sine of 
smallest angle 

O R  in side equation 
test, average corr. 
to direction not to 
exceed 

Astro. Azimuths 
T g - u r e s  

Probable error  

Closure in length 
(also Dosition 
' wheh applicable) 

after side and 
angle conditions 
have been satis- 
fied, should not 
exceed 

Class I 

1 part in 
300,000 

1 part in 
1,000,000 

1' 

3' 

1.5 

0:3 

6-8 
0: 3 

I part in 
100,000 

. TABLE I 
(continu ed) 

Fi rst-o rdc r - Class 111 

1 part in 1 part  in 
300,000 300,000 

1 part in I part  in 
1,000,000 1,000,000 ' 

1' 1' 

3' 3' 

1.5-2 2 

0:4 ' 0:4 

6-10 8-10 
0: 3 0: 3 

1 part in 1 part in 
50,000 25,000 

Second-order' 
m a s s  I1 Class I 

1 part in 1 par t  in 
300,000 150,000 

1 part in 1 part-in 
1,000,000 500,000 

1: 5 3' 

5' 5' 

2-4 4 

0: 6 0: 8 

8-10 10-12 
0: 3 0: 5 

Third-orda 

1 par t  in 
75,000 

1 par t  in 
250,000 

1 part in 1 part  i n  
E0,000 10,000 

5' 

IO' 

10-12 

2' 

12-1 4 
2:o 

1 par t  in 
5,000 



TABLE 21 

TRAVERSE 

Firs t-o r d e  r Second -order Thi rd-order  

Number of azimuth 
courses  between 
azimuth checks 
not to exceed 15 

Astronomical azimuth: 
Probable e r r o r  of 
result 0: 5 

Azimuth closure at azi- 
muth check points not 
to exceed * 

2 s e c . a  or 
1.0 sec. p e r  
station 

Distance measurements 
accurate within 1 in 35,000 

After azimuth adjust- 
ment, closing e r r o r  
in position not to  
exceed * 

0.66 it. - or 
1 in 25,000 

25 

N 

M 

is the number of stations for  carrying azimuth 

is the distance in miles  

2: 0 

10 s e c . 4 R  or 
3.0 sec .  per  
s ta t ion 

1 i n  15,000 

1.67 f t . a  or 
1 in  10,000 

50 

5:O 

30 see.- or 
8.0 sec. p e r  
s ta t ion 

1 in  7,500 

3.34 ft.- or 
1 in 5,000 

* The expressions for closing e r r o r s  in t r a v e r s e  s u r v e y s  are given i n  two forms. 
The expression containing the square  root is designed f o r  longer l ines  w h e r e  
higher proportional accuracy is required. The formula which g ives  the 
smaller  permissible closure should be used. 



TABLE III 

LEVELING 

First-order - 

Spacing of lines and 
cross-lines . 60 miles 

Average spacing of 
permanently marked 
bench marks along 
lines, not to exceed 1 mile 

Length of section's 1/2-1 mile 

Check between forward 
and backward running 
between fixed elevations 
or loop closures, not 4mm or 
to exceed 0.017 r t . a  

Second-order Thi rd-order 

Class I Class II 

25-35 miles 6 miles N o t  specified 

1 mile 1 mile 3 miles 

8 . 4 m m a  or 8 . 4 m m c K  or 12mmdIZ or 
0.035 ft.d&p .0.035 b b . a  Q.05 at.- 

K is the distance in kilometers 

M is the distance in miles 
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APPENDIX B 

LIST OF VARIABLES 

= BpfP' 

Bpfpi = ,[I $1 (Up - U p l )  (C) = t h e . b e n e f i t ,  i n  miles of 

t r a v e r s e d  f o r  C direct traverse connections t o  c o n t r o l  

s t a t i o n s  for  a s t a t i o n  spacing P befo re  d e n s i f i c a t i o n  

and a s t a t i o n  spacing P' af te r  d e n s i f i c a t i o n .  

C = The number of direct connections.  

- - = The r a d i u s  of a circle that would divide Dj 
a r i n g  zone, z j  i n t o  t w o  equal  areas and therefore be 

the  average distance from the r i n g  zone t o  the c o n t r o l  

s t a t i o n  fo r  direct t ies made from t h a t  r i n g  zone. 

Rk 
DC = .9048 = The r a d i u s  of a circle tha t  would divide the 

co rne r  zones i n t o  equal  areas and therefore be the 

average d i s t a n c e  from the corner  zones t o  the  c o n t r o l  

s t a t i o n s  for  the direct ties made from the  corner  areas. 

= The p r o b a b i l i t y  of a t i e  being made f r o m  r i n g  zone Zj. Lj 

LC = T h e  p r o b a b i l i t y  of a t i e  being made f r o m  the corner  

zones 2,. 

N = The number of s t a t i o n s  i n  an undens i f ied  c o n t r o l  

system, o r  a gene ra l  des igna t ion  for  the  number of 

c o n t r o l  s t a t i o n s .  

N '  = The number of new s t a t i o n s  i n  a d e n s i f i e d  network. 

89 
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P = J N xy = T h e  s t a t i o n  spacing before d e n s i f i c a t i o n  or  a 

genera l  r ep resen ta t ion  of the  s t a t i o n  spacing.  

PI = The s t a t i o n  spacing a f t e r  d e n s i f i c a t i o n ,  

= The r a d i u s  of a circle de f in ing  t h e  i n n e r  boundary of Ri 

j* a r i n g  zone Z 

= The r a d i u s  of a circle de f in ing  t h e  o u t e r  boundary of Rj 
a r i n g  zone Zj. 

P 
Rk = 7 = The r ad ius  of the maximum o u t e r  boundary of a r i n g  

zone t h a t  would be wi th in  the  s e c t i o n .  

R = 2 (P/2) 2 = The maximum d i s t a n c e  a p o i n t  could be  from max 
t h e  control s t a t i o n  and s t i l l  be w i t h i n  a s e c t i o n .  

= CLj = The number of t ies  made to  or  from a r i n g  zone Zj. Tj 

= CLc = The number of t ies  made t o  or from t h e  corner  TC 

zones Zc. 

k 
= C (L-D ) + LCDC = The sum of:  the probabi l i t i e s  of a ~j U 

P 
A 

p o i n t  be ing  i n , a  zone m u l t i p l i e d  by the  average zone 

d i s t ance .  

= The same as Up except  for  a d e n s i f i e d  network. ' 

= cup = The t o t a l  m i l e s  of t r a v e r s e  m i l e s  run t o  or from 

a c o n t r o l  s t a t i o n  wi th in  t h e  boundaries of a s e c t i o n .  
wP 
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W '  P 

wC 

j W 

X 

Y 

XY 

zC 

= The same as Wp except it is for a densified network. 

= D ~ T ~  = The number of miles of traverse run to or  from 

the corner areas. 

= DjTj  = The miles of traverse run to or from the  ring 

j *  zone Z 

= One dimension of the entire project area. 

= The second dimension of t h e  entire project area. 

= The area of the whole project area 

= P2 - *(P /2I2  = The corner zone (the area of a l l  four 

identical corner areas). 

= * [ ( R j l 2  - ( R i l 2 I  = The area of the r i n g  between the  

circles defined by the  radius Ri and R j .  
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U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
NATIONAL OCEAN SURVEY 
Rockville. Md. 20852 
Nat iona l  Geodetic Survey 

June 19, 1972 

Dear S i r :  

During June 1971, t h e  Nat iona l  Geodetic Survey conducted a 
s t u d y  of h o r i z o n t a l  surveying a c t i v i t i e s  i n  met ropol i tan  
a r e a s  of the United States. As part of t h i s  s t u d y ,  the 
Nat iona l  Geodetic Survey mailed over two thousand question- 
n a i r e s  to a l l  surveyors ,  c i v i l  eng inee r s ,  a p p r o p r i a t e  
government agenc ie s ,  and  u t i l i t y  companies l i s t e d  i n  the  
c l a s s i f i e d  te lephone d i r e c t o r i e s  of 46 sta.ndard met ropol i tan  
s t a t i s t i c a l  areas (SMSA). 

Over f i v e  hundred q u e s t i o n n a i r e s  were re turned  completed, 
o r  p a r t i a l l y  completed, f o r  a response rate of 27 .0  p e r c e n t .  
This high pe rcen t  of responses  r e f l e c t s  t h e  s t r o n g  pe r sona l  
and p r o f e s s i o n a l  i n t e r e s t  surveyors  i n  the United S t a t e s  
have i n  t h e i r  p r o f e s s i o n .  The Nat iona l  Geodetic Survey 
g r a t e f u l l y  acknowledges the cooperat ion of those who p a r t i c i -  
pated i n  t h i s  s t u d y .  

Data from t h e  q u e s t i o n n a i r e s  were used by Lieutenant  Commander 
P h i l l i p  C .  Johnson i n  a Masters of Science Thesis a t  Cornel1 
U n i v e r s i t y  t i t l e d ,  "A Measure of t he  Economic Impact of Urbsn 
Hor i zon ta l  Geodetic Control  Surveys . I '  This t h e s i s  develops 
the necessa ry  methods t o  q u a n t i t y  b e n e f i t s  and c o s t  of  horizon- 
t a l  surveys ,  a n d  i t  u t i l i z e s  techniques which al low a b e n e f i t  
c o s t  a n a l y s i s  t o  be made of met ropol i tan  h o r i z o n t a l  geode t i c  
c o n t r o l  su rveys .  The Nat iona l  Geodetic Survey may p u b l i s h  
t h i s  t hes i s  i n  mid-August 1972. Those who a r e  i n t e r e s t e d  
should w r i t e  : 

The D i r e c t o r  
Nat iona l  Geodetic Survey 
6001 Executive Boulevard 
Rockvi l le ,  Maryland 20852. 

The summarized responses  of the q u e s t i o n n a i r e s  f o r  a l l  SMSAs 
a r e  contained i n  Appendix C .  

S ince  r e  l y  , 

Leonard S .  Baker 
Captain, NOAA 
D i r e c t o r ,  Nat iona l  Geodetic Survey 
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APPENDIX c 

R e s u l t s  o f  the Q u e s t i o n n a i r e :  A S t u d y  of 
Urban Geodetic S u r v e y i n g  A c t i v i t i e s .  

Approved OMB No. 41-571039 
(1) What p e r c e n t  o f  your  h o r i z o n t a l  s u r v e y i n g  e f f o r t  

i s  d e v o t e d  t o :  

A .  P r o p e r t y  s u r v e y s  
B. E n g i n e e r i n g  s u r v e y s  
C .  Highway s u r v e y s  
D. C o n t r o l  s u r v e y s  
E. O t h e r  h o r i z o n t a l  s u r v e y s  

38.79% 
35.28% 

9.88% 
1 0 . 2 0 %  

5.85% 

F. T r a v e r s e  
G .  T r i a n g u l a t i o n  
H.  T r i l a t e r a t i o n  

T o t a l  1 0 0 .  0oga  

88.48% 
8.82% 
2.70% 

T o t a l  1oo.OO%a 

I .  H o r i z o n t a l  s u r v e y s ,  i n c l u d i n g  
p r o p e r t y  s u r v e y s ,  t h a t  are t i e d  
t o  t h e  n a t i o n a l  network and are o f  
f irst-  o r  second-order  a c c u r a c y  23.76% 

a .  Based on 490 r e p l i e s .  

( 2 )  Does y o u r  c i t y ,  c o u n t y ,  o r  s t a t e  r e q u i r e  t h a t  
p r o p e r t y  s u r v e y s  be  t i e d  t o  t h e  N a t i o n a l  network? 

A .  C i t y  Yes- 11.57% No- 88.43%a 
B. County Yes - 1 0 . 2 0 %  No- 89.80Xa 
C .  S t a t e  Yes- 19 .54% No- 80.46%a 
D. If your  answers  were a l l  No, and assuming one- 

mile c o n t r o l  s t a t i o n  s p a c i n g  was a v a i l a b l e ,  would 
you l i k e  t o  see t h i s  as a r e q u i r e m e n t  f o r  y o u r  
area? Yes- 80.29% No- 19.71Xa 

a .  Based on a p p r o x i m a t e l y  4 4 0  r e p l i e s .  

The answers  t o  q u e s t i o n s  2 A ,  B ,  C i n d i c a t e s  t h e  
p e r c e n t  o f  o r g a n i z a t i o n s  r e p l y i n g  t o  t h e  q u e s t i o n n a i r e  who 
do s u r v e y i n g  i n  areas where i t  i s  r e q u i r e d  t h a t  s u r v e y s  be 
t i e d  t o  t h e  n a t i o n a l  n e t .  It  d o e s  n o t  mean, f o r  example,  
that  19 .50  pe rcen t  of  a l l  S ta tes  r e q u i r e  p r o p e r t y  s u r v e y s  
b e  t i e d  t o  t h e  n a t i o n a l  n e t .  

E. Why? R e p r e s e n t a t i v e  answers  t o  th i s  q u e s t i o n  f o l l o w :  

Yes: "It would r e d u c e  p r o p e r t y  d i s p u t e s  and l i t i g a -  
t i o n  and f o r c e  l a x  s u r v e y o r s  t o  become more 
r e s p o n s i b l e .  " 
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Yes: "If data was eas i ly  o b t a i n a b l e  and one l o c a l  
agency was r e s p o n s i b l e  f o r  f i l i n g  t h e  s u r v e y s .  

Yes: "It would make t h e  r e t r a c e m e n t  of a su rvey  
much eas ie r .  I' 

No: " A t  l eas t  n o t  i n  C a l i f o r n i a  where s e i s m i c  
a c t i v i t y  would cause  chaos w i t h  t h e  monument." 

Yes: " P o i n t s  would neve r  be l o s t . "  

Yes: "It would a l l o w  a uni form,  c o o r d i n a t e d  d a t a  
s y s t e m  f o r  one whole r e g i o n . "  

No: "It i s  n o t  p r a c t i c a l  f o r  s i n g l e  l o t  sub- 
d i v i s i o n s .  Too c o s t l y . "  

Yes : "Gores and o v e r l a p p i n g  would be avo ided .  I' 

(3) Answering f o r  t h e  c a t e g o r i e s  that  a p p l y  t o  your  su rvey-  
i n g  o p e r a t i o n s ,  what would be t h e  minimum accuracy  you 
would r e q u i r e  i f  u s i n g  t h e  n a t i o n a l  network f o r  c o n t r o l ?  

( 3 )  (4) (5) 

1:5,000 
1:100,000 l:5O,OOO 1:25,000 1:20,000 1:10,000 o r  less  

A .  P r o p e r t y a  2 27% 8.62% 12.93% 19.27% 48.07% 8.84% 
B. Enginee r ingb  1 .16% 7.89% 13.69% 18.56% 45.01% 13.69% 
C .  Highwayc 1.62% 11.69% 14.29% 18.83% 42.21% 11.36% 
IS. Contro ld  12.36% 25.00% 21.63% 24.43% 14.33% 2.25% 

a. Based on 441 r e p l i e s .  
b .  Based on 431 r e p l i e s .  
c .  Base.d on 308 r e p l i e s .  
d .  Based on 356 r ep l i e s .  

(4) Answering f o r  t h e  t y p e s  o f  hor izon . ta1  s u r v e y i n g  you 
conduct ,  what would you c o n s i d e r  as t h e  maximum 
des i rab le  c o n t r o l  s t a t i o n  s p a c i n g :  

A .  P r o p e r t y  
B. E n g i n e e r i n g  
C .  Highway 
D. C o n t r o l  

1.18 milesa 
1.56 milesb 
2.30 milesC 
2.95 milesd 

a. Based on 433 r e p l i e s .  
b .  Based on 414 r e p l i e s .  
C. Based on 293 r ep l i e s .  
d .  Based on 338 r e p l i e s .  



What p e r c e n t  o f  t h e  marks e s t a b l i s h e d  by you a t  t h e  
end o f  t h e  legs  o f  your  t r a v e r s e s  cou ld  be  r e c o v e r e d  
f o r  u se ,  if n o t  d i s t u r b e d ,  a t  t h e  end o f  a t e n - y e a r  
p e r i o d ?  

57 09Xa 

a .  Based on 426 r e p l i e s .  

A .  Do you r e c o v e r  n a t i o n a l  network marks i n  an  area 
before commencing a survey? 

B. What p e r c e n t  of t h e  marks do you f i n d  d e s t r o y e d ?  

2 7 .  20%b 

a .  Based on 263 r e p l i e s .  
b .  Based on 298 r ep l i e s .  T h i s  p robably  r e f l e c t s  t h e  

p e r c e n t  o f  marks s e a r c h e d  for bu t  n o t  found. The 
N a t i o n a l  Geodet ic  Survey does n o t  c o n s i d e r  a mark 
d e s t r o y e d  unless there  i s  p h y s i c a l  evidence,  f o r  
example t h e  d i s k  i t s e l f .  T h i s  was n o t  made c l e a r  
i n  t h e  q u e s t i o n .  

What p e r c e n t  o f  your  t r a v e r s e s  have a t o t a l  l e n g t h  o f :  

A .  1 mile o r  l e s s  
B. 1 t o  3 mi les  
C .  3 t o  5 miles 
D .  5 miles  o r  more 

57 97% 
2 2 . 2 0 %  
10 .48% 

9.35% 
1 0 0 .  O O P  

What i s  y o u r  ave rage  t r a v e r s e  l e n g t h ?  

a .  Based on 422 r e p l i e s .  

On t h e  average, how l o n g  are t h e  i n d i v i d u a l  legs i n  one 
of  your  t r a v e r s e s  when t h e  t raverse  has a t o t a l  l e n g t h  
o f :  

T o t a l  l e n g t h  Leg l e n g t h  

A .  1 m i l e  o r  l e s s  
B. 1 t o  3 miles 
C .  3 t o  5 miles  

. 18  milesa 

.35 m i l e s b  

.56 milesC 
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T o t a l  l e n g t h  

D .  5 mi les  o r  more 

Leg  l e n g t h  

d . 84  miles 

a .  Based on 428 r e p l i e s .  
b. Based on 428 r e p l i e s .  
c .  Based on 276 r e p l i e s .  
d .  Based on 232 r ep l i e s .  

( 9 )  What p e r c e n t  of your  t r a v e r s e s ,  w i t h i n  each l e n g t h  
c l a s s i f i c a t i o n :  (1) c l o s e  on t h e  s t a r t i n g  p o i n t ;  
( 2 )  c l o s e  on a n o t h e r  c o n t r o l  mark bes ides  t h e  s t a r t i n g  
p o i n t ;  ( 3 )  are n o t  c l o s e d  t o  t h e  s t a r t i n g  p o i n t  or t o  
o t h e r  c o n t r o l .  

(1) ( 2 )  (3) 
Close  t o  Close  t o  Not 

s t a r t i n g  p o i n t  a n o t h e r  p o i n t  c l o s e d  T o t a l  

A .  1 mile  or lessa 74.98% 
B. 1 t o  3 milesa 62 .90% 
C. 3 t o  5 milesa 47 13% 
D.  5 miles o r  l onge ra  34 76% 

1 7  97% 7.06% 100% 
30.10% 7.00% 100% 
46.04% 6.83% 100% 
57.81% 7.43% 100% 

a .  Based on approximate ly  490 r ep l i e s .  

( 1 0 )  What are your  r e a s o n s  f o r  n o t  c o n n e c t i n g  t r a v e r s e s  t o  
f i rs t -  o r  second-order  n a t i o n a l  network c o n t r o l  marks? 

A .  Uneconomical Yes- 92.24% No - 7. 76Xa 
B.  Not c o n s i s t e n t  w i t h  

accu racy  r e q u i r e d  Yesd68.82% No-31.18Xb 
C .  O t h e r :  Please e x p l a i n  

a .  Based on 3 6 1  r e p l i e s .  
b .  Based on 263 r e p l i e s .  

D. Why? Fol lowing  are  some r e p r e s e n t a t i v e  answers :  

" C l i e n t  will n o t  pay t h e  ex t r a  c o s t . "  
" C o n t r o l  n o t  a v a i l a b l e .  'I 

"Con t ro l  s t a t i o n s  n o t  a c c e s s i b l e .  '' 
" S t a t i o n s  spaced  t o o  fa r  apar t  ." 
" S t a t i o n s  a v a i l a b l e  t o  u s  are t o o  s p a r c e  and 

i n a c c e s s i b l e .  Note:  I n  t h e  l o n g  r u n  it  i s  
economical  t o  use  h i g h  order  n e t s  i f  s t a t i o n s  
are a c c e s s i b l e  and if your  g o a l  i s r e l i a b l e  



"Most of o u r  work i s  100  a c r e s  o r  less  and we always 

"Towers are g e n e r a l l y  needed ,  and this  makes i t  

"Most of o u r  s u r v e y s  are t o  e s t a b l i s h  p r o p e r t y  

c l o s e  t o  t h e  s t a r t i n g  p o i n t . "  

i m p o s s i b l e  f o r  u s .  

b o u n d a r i e s  and we see no advan tage  t o  t i e  i n t o  
t h e  n a t i o n a l  c o n t r o l . "  

"No o f f i c i a l  place t o  f i l e  c a l c u l a t i o n s .  

(11) How many a d d i t i o n a l  hour s  would you b e  w i l l i n g  t o  
spend t o  c l o s e  a t r a v e r s e  t o  f i r s t -  o r  s econd-o rde r  
c o n t r o l  marks connec ted  t o  t h e  n a t i o n a l  g e o d e t i c  
network ra ther  t h a n  closing t h e  t r a v e r s e  t o  c o n t r o l  
of lesser  a c c u r a c y  which i s  n o t  p a r t  o f  t h e  ne twork?  

a v e r a g e  = 4 . 5  hour sa  

a .  Based on 367 r e p l i e s .  

Because o f  t h e  wide v a r i a t i o n  o f  r e p l i e s  t o  t h i s  
q u e s t i o n ,  a f u r t h e r  breakdown o f  answers  was made. 

15.80% would spend 0 hour s  t o  t i e  t o  t h e  n a t i o n a l  n e t .  
37.06% would spend 1 - 4  h o u r s  t o  t i e  t o  t h e  n a t i o n a l  n e t .  
18.53% would spend 5-8 hour s  t o  t i e  t o  t h e  n a t i o n a l  n e t .  

6.27% would spend 9 t  hour s  t o  t i e  t o  t h e  n a t i o n a l  n e t .  

22.34% r e p l i e d  i n  terms o f  a p e r c e n t  of t h e  t o t a l  work 
time f o r  a p a r t i c u l a r  p r o j e c t .  

( 1 2 )  What t y p e  o f  a n g l e  measur ing  equipment  do you u s e ?  

A .  Second-order  i n s t r u m e n t s  Yes - 77 78% No - 22. 22Xa 

B. F i r s t - o r d e r  i n s t r u m e n t s  Y e s  - 9 .86% No - 9 0 .  14%b 

EXAMPLE - Wild T-2, DKM 2 ,  Zeiss TH 0 0 2  

EXAMPLE - Wild T-3,  DKM 3 

a.  Based on 459 r e p l i e s .  
b .  Based on 426 r e p l i e s .  

( 1 3 )  What t y p e  of d i s t a n c e  measu r ing  equipment  do you u s e ?  

A .  S t a n d a r d i z e d  tape Yes- 88.03% 110- 11.97%a 
B.  I n v a r  tape Yes- 19 .02% No- 80.98Xb 
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Electronic distance measuring instruments 
C .  I n f r a r e d  Yes - 16.81% No- 83.19%; 
D. Lightwave, Laser Yes - 7.91% No - 92.09% 
E .  Lightwave,  Non-laser Yes - 23.97% No- 76. 03Xe 

If a p p l i c a b l e ,  how l o n g  have you owned e l e c t r o n i c  
d i s t a n c e  measur ing  equipment? 

Average of 4 .8  yearsf 

a .  Based on 468 r e p l i e s .  
b .  Based on 447 r e p l i e s .  
c .  Based on 458 r ep l i e s .  
d .  Based on 455 r e p l i e s .  
e.  Based on 463 r e p l i e s .  
f .  Based on 157 r e p l i e s .  

Due t o  an  u n f o r t u n a t e  o v e r s i g h t ,  t h e  c a t e g o r y  of micro- 
wave i n s t r u m e n t  was n o t  i n c l u d e d .  

( 1 4 )  How many men do you normal ly  use  on a s i n g l e  t r a v e r s e  
p a r t y ?  

- 

Average o f  3 .4  mena 

a. Based on 462 r e p l i e s .  

A f u r t h e r  breakdown o f  r e s u l t s  show; t h a t :  

6.06% use  2 men p e r  t r a v e r s e  p a r t y .  
51.95% use  3 men p e r  t r a v e r s e  p a r t y .  
37.23% use  4 men p e r  t r a v e r s e  p a r t y .  

3.46% use  5 men p e r  t r a v e r s e  p a r t y .  
1 .30% use  6 men p e r  t r a v e r s e  p a r t y  o r  more. 

( 1 5 )  How many mi les  p e r  month would you e x p e c t  t h i s  t r a v e r s e  
p a r t y  t o  measure? 

An a v e r a g e - o f  36.86 miles p e r  montha 

a. Based on 295 r e p l i e s .  
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( 1 6 )  What was t h e  t o t a l  miles o f  t r a v e r s e  your  o r g a n i z a t i o n  
r a n  i n :  

A; 1965 
B. 1968 
C .  1970 

160.88  milesa 
173.19  milesb 
198.79  m i l e s c  

How many t r a v e r s e s  d i d  you r u n  i n  1970? 103.35 t r a v e r s e s d  

a. Based on 2 2 3  r e p l i e s .  
b .  Based on 264 r e p l i e s .  
c .  Based on 297 r e p l i e s .  
d .  Based on 290 r e p l i e s .  

( 1 7 )  It i s  poss ib l e  t h a t  t h e  U.S. w i l l  a d a p t  t o  t h e  m e t r i c  
s y s t e m  o f  measurement w i t h i n  t h e  n e x t  f e w  yea r s .  D o  
you t h i n k  t h i s  would be  b e n e f i c i a l  t o  t h e  s u r v e y i n g  
profession? 

Yes- 58.25% No- 41.75% 

A .  Why? 

Yes : 

Yes : 
Yes : 
No: 

No: 

Yes : 

Yes : 
No : 
No: 
Yes: 
Yes: 
Yes : 

Fol lowing  are some r e p r e s e n t a t i v e  answers :  

"Most o f  t h e  new i n s t r u m e n t s  are se t  up i n  t h e  
metric sys t em."  
"The m e t r i c  s y s t e m  i s  eas i e r  t o  work w i t h . "  
"But new measur ing  t a p e s  would be  e x p e n s i v e . "  
"The c o s t  and l o s s  time would j u s t i f y  t h e  
a d v a n t a g e  o f  o u r  p r e s e n t  workable  E n g l i s h  
System. I' 

"It i s  no ea s i e r  t o  work w i t h  t h a n  f e e t  and 
h u n d r e d t h s .  I' 

"It would s t a n d a r d i z e  fee t ,  y a r d s ,  rods ,  c h a i n s ,  
v a r a s ,  l i n k s ,  i n c h e s ,  t e n t h s  and h u n d r e d t h s  o f  
fee t  t o  one workable  u n i t . "  
"P robab ly ,  i t  would make c a l c u l a t i o n s  ea s i e r . "  
"Hell No." 
" A l l  p a s t  r e c o r d s  are  i n  E n g l i s h  S y s t e m . "  
"It would e l i m i n a t e  t h e  h o r r i b l e  mess we how have ."  
"But t h e  r e a s o n s  are t o o  numerous t o  l i s t . "  
"1. The u n i t s  are of a more workable  l e n g t h .  

2 .  We are u s i n g  t h e  m e t r i c  sys t em more and 

3 .  S t a n d a r d i z e d  u n i t s  s h o u l d  b e  worldwide.  
4 .  The c o n v e r s i o n  o f  d e c i m a l  v a l u e s  o f  f ee t  t o  

more and are c o n v e r t i n g  back t o  f e e t .  

i n c h e s  g i v e  t h e  c o n s t r u c t i o n  p e o p l e  f i t s . "  



APPENDIX D 

101 



APPENDIX D 

Standard Metropolitan S ta t i s t ica l  Areas t o  Which 
the  Ques t ionnai res  Were Mailed 

C i t y  County State  

Akron 
Albany 
Albuquerque 
At lan ta  
Baton Rouge 
Birmingham 
Boston 
Boulder 
Buffalo 
Cleveland 
Columbus 
Dal las  
Dayton 
Denver 
Detroit 
Durham 
F t .  Lauderdale 
F t .  Worth 
Hartford 
Honolulu 
Houston 
Ind ianapo l i s  
Jack sonvi 1 le 
L i t t l e  Rock 
Los  Angeles 
L o u i s v i l l e  
Memphis 
Miad 
M i l w a u k e e  
Minneapolis 
Nashville 
Nassau 
Oakland 
Oklahoma Ci ty  
Phoenix 
P i t t sbu rgh  
Por t land  
Providence 
Raleigh 
Richmond 
Rochester 

Summit 
Rensselaer 
B e r n a l i l  l o  
Ful ton 
Baton Rouge 
J e f f e r s o n  
Suffo lk  
Boulder 
Niagara 
Cuyahoga 
Frankl in  
Dal las  
Montgomery 
Denver 
Wayne 
Durham 
Broward 
Ta r ran t  
Hartford 
Honolulu 
Harris 
Marion 
Duval 
Pu la sk i  
Los Angeles 
J e f f e r s o n  
Shelby 
Dade 
Milwaukee 
Hennepin 
Davidson 
Nassau 
A l a m e d a  
Oklahoma 
Maricopa 
Allegheny 
Multnomah 
Providence 
Wake 
Richmond C i t y  
Monroe 

Ohio 
New York 
New Mexico 
Georgia 
Louisiana 
A l a b a m a  
Massachusetts 
Colorado 
New York 
Ohio 
Ohio 
Texas 
Ohio 
Colorado 
Michigan 
North Caro l ina  
F l o r i d a  
Texas 
Connect icut  
H a w a i i  
Texas 
Indiana  
F l o r i d a  
Arkansas 
C a l i f o r n i a  
Kentucky 
Tennessee 
Florida 
Wisconsin 
Minnesota 
Tennessee 
New York 
C a l i f o r n i a  
Oklahoma 
Arizona 
Pennsylvania 
Oregon 
mode I s l a n d  
North Caro l ina  
V i r g i n i a  
New York 

102 



103 

City County State  

Sa l t  Lake City S a l t  Lake 
San Diego San Diego 
Seat t l e  King 
Syracuse Onondaga 
Washington, D.C.  D.C., Prince 

Georges I 

Montgomery, 
Fairf ax 

Utah 
California 
Washington 
New York 
Maryland & 
Virginia 
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APPENDIX E 

QUESTIONNAIRE COST 29.- 

A Study of Urban Geodetic Surveying Activities 

CONCLUSIONS - Cost: 
Total cost of the questionnaire was $3,775, or $1.55 for each 

mailed questionnaire. The variable costs, costs related to 

the number of questionnaires, was $1,815, or $0.75 for each 

mailed questionnaire. This was an efficient operation, and 

the only means of reducing costs would be to use a mailing 

list better than the phone directory. Fixed cost was $1,960, 

or $0.80 per mailed questionnaire. Using professional pro- 

grammers, this cost could be'reduced to approximately $1,000. 

29. Prepared by Lieutenant P. Hodgson, National Oceanic and 
Atmospheric Administration. 
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QUESTIONNAIRE COST BREAKDOWN 

LABOR LABOR LABOR SUPPLIES t 
JOB (LTJG Hodqson) (Secretaries) (Key Punch) PRINTING TIME* TOTAL $$  

Prepare 
Questionnaire $ 400.(80 hrs) $ 20. (5 hrs) $100 $520.00 

Mailing lList 600 (120 hrs) 160 (40 hrs) 760.00 

Code 6 Mail 400 (80 hrs) 40 (10 hrs) 80 520.00 

Check Returns 100 (20 hrs) 160 (40 hrs) 260 . 00 
Key Punch & Check 100 (20 hrs) 175 (50 hrs) 275.00 

Programs 1,200 (240 hrs) 240(4 hrs) 1,440.00 

- $2,800 . 00 $380.00 $175.06 $180.00 $240.00 $3,775.00 TOTAL $$ 

LABOR PER HOUR $ 5.00 $ 4.00 $3.50 $ 60.00 

2,340 = Questionnairs Mailed 
490 = Used in Study (20 percent) 
525 = Estimated Returns (22 percent) 

1,815 + 2,430 = $0.75/Questionnaire Mailed 
1,815 f 490 = 3.70/Questionnaire Used 
1,815 + 525 = 3.46/Estimated Returned 

(Variable Cost) 

* Computer Time 

3775 + 2430 = $1,55/Questionnaire Mailed 
3775 f 490 = 7,70/Questionnaire Used 
3775 f 525 = 7,19/Estimated Returned 

FIXED COST VARIABLE COST ITEM 
Prepare 

$760.00 Questionnaire $520 . 00 
Mailing List $760.00 
Code & Mail 520.00 
Check Returns 260.00 
Key Punch 275.00 
Programs 1,440 .OO 
Total $$ 

- 

$1.960.00 $1,815 . 00 
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EXECUTIVE OFFICE OF THE PRESIDENT 
OFFICE OF MANAGEMENT AND BUDGET 

WASHINGTON, D.C. 205001 

March 27, 1972 CIRCULAR NO. A-94 
Revised 

TO THE HEADS OF EXECUTIVE DEPARTMENTS AND ESTABLISHMENTS 

SUBJECT: Discount rates to be used in evaluating time- 
distributed costs and benefits 

1. .Purpose. This Circular prescribes a standard discount 
rate to be used in evaluating the measurable costs and/or 
benefits of programs or projects when they are distributed 
over time. 

2. Rescission. This Circular replaces and rescinds Office 
of Management and Budget (OMB) Circular No. A-94 dated 
June 26, 1969. 

3. Scope. 

a. This Circular applies to all agencies of the execu- 
tive branch of the Federal Government except the U . S .  Postal 
Service. The discount rate prescribed in this Circular 
applies to the evaluation of Government decisions concerning 
the initiation, renewal or expansion of all programs or 
projects, other than those specifically exempted below, for 
which the adoption is expected to commit the Government to a 
series of measurable costs extending over three or more 
years or which result in a series of benefits that extend 
three or more years beyond the inception date. 

are decisions concerning water resource projects (guidance 
for which is the approved Water Resources Principles and 
Standards), the Government of the District of Columbia, and 
non-Federal recipients of Federal loans or grants. 

nature of the decisions involved; that is, how to acquire 
assets or proceed with a program after an affirmative decision 
to initiate, renew, or expand such a program using this 
Circular. Thus: 

of decisions concerning how to obtain the use of real prop- 
erty, such as by lease or purchase. 

b. Specifically exempted from the scope of this Circular 

c. The remaining exemptions derive from the secondary ' 

(1) This Circular would not apply to the evaluation 

(NO. A-94) . 
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(2) This Circular  would not apply t o  the evaluat ion 
of decis ions concerning the  acquis i t ion  of commercial-type 
services by Government or contractor  operat ion,  guidance 
f o r  which is OMB Circular  No. A-76. 

(3 )  This Circular would no t  apply to t h e  evaluation - of decis ions concerning how t o  select automatic da t a  process- 
i n g  equipment, guidance f o r  which is OMB Circular No. A-54 
and OMB Bul l e t in  No. 60-6. 

d. The discount rates prescribed i n  t h i s  Ci rcu lar  are: 

(1) Suggested f o r  use i n  t h e  internal planning 
documents of 'the agencies i n  t he  executive branch; 

(2) Required f o r  use i n  program analyses submitted 
t o  the Off ice  of Management and Budget i n  support  of leg is -  
l a t ive  and budget programs. 

This Ci rcu lar  does not supersede agency p rac t i ces  which are 
prescr ibed by or pursuant t o  law, Executive order ,  or other 
r e l evan t  Ci rcu lars .  Agencies should evaluate  the i r  programs 
and projects i n  accordance with e x i s t i n g  requirements and, 
i n  addi t ion ,  summarize the  present  value costs and/or bene- 
f i t s  using the discount rate prescribed i n  t h i s  Ci rcu lar . .  

4. Defini t ions.  Analytic documents submitted t o  the  Off ice  
of Management and Budget should be based on the  following 
concepts where relevant :  

a. Expected annual cost means the expected annual d o l l a r  
value ( i n  constant  d o l l a r s )  of resources ,  goods, and se rv ices  
required t o  e s t a b l i s h  and car ry  o u t  a program or pro jec t .  
Estimates of expected year ly  costs w i l l  be based on estab- 
l i shed  d e f i n i t i o n s  and p rac t i ces  f o r  program and p ro jec t  
evaluat ion.  However, a l l  economic costs, including acquisi-  
t i o n ,  possession, and operat ion c o s t s ,  must be included 
whether or not ac tua l ly  paid by the Federal Government. 
Such costs not general ly  involving a direct Federal payment 
include imputed market values of publ ic  property and S t a t e  
and l o c a l  property taxes  foregone. 

b .  Expected annual bene f i t  means the  d o l l a r  value ( i n  
constant  d o l l a r s )  of goods and se rv ices  expected to r e s u l t  
from a program or p ro jec t  for each of t he  years i t  is  i n  
operat ion.  
based on es tab l i shed  d e f i n i t i o n s  and p rac t i ces  dcvcloped by 
aqcncies for program and pro jcc t  evaluation. 

Estimates of expected year ly  benefi ts  w i l l  be 
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c. Expected annual effects means an objective, non- 
monetary measure or program efFects expected for each of 
the years a program or project is in operation. When 
dollar value cannot bc placed on the effects of comparable 
programs or projects, an objective measure of effects may be 
available and useful to enable the comparison of alternative 
means of achieving spxified objectives on the basis of 
their relative present velue costs. These effects should 
be estimated for each yezr of thc planning period and are 
not to be discounted. - 

d. Discount rate means khe interest rate used in calcu- 
lating the present value of expected yearly costs and bene- 
fits. 

e. Discount factor means the factor for any specific 
discount rate which ti%nslat.es expected cost or benefit in 
any specific future year into its present value. The discount 
factor is equal to l/(l+r)t, where r is the discount rate 
and t is the number of years since The date of initiation, 
reneial or expansion of a program or project. 

yearly cost multiplied by its discount factor and then 
summed over all years of the planning period. 

f .  Present value cost means each year's expected . .  

g. Present value benef i t  means each year's expected 
year ly  b e n e f i t  rnultiplisd by its discount fac tor  and then 
summed over all years of the planning period. 

between present value bsnefit (item 9) and present value 
cost (item - f). 

h. Present value net benefit means the difference 

'i. Benefit-cost rztio means present value benefit . 
(item 2) divided by presnnt vzlue cost (item c ) .  
Attachment A contains an exampie that illustrates calcula- 
tion of the present value information. 

5. Treatment of inflation. All estimates of the costs and 
benefits for each year of the planning period should be made 
in constant dollars: i . e . ,  ir. terms of the general purchasing 
power of the dollar at the tim? of decision. Estimates may 
reflect changes in the relative prices of cost and/or benefit 
components, where thcrc is a reasonable basis for estimating 
such changes, but  should not include any forecasted change 
in the general price level during the planning period. 

-.- 
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6. Treatment of uncertainty. Actual costs and benefits in 
future years are likely to differ from those expected at 
the time of decision. For those cases for which there is a 
reasonable basis to estimate the variability of future costs 
and benefits, the sensitivity of proposed programs and 
projects to this variability should be evaluated. 

The expected annual costs and benefits (or effects) should 
be supplemented with estimates of minimum and maximum values. 
Present value cost and benefits should be calculated for 
each of these estimates. The probability that each of the 
possible cost and benefit estimates may be realized should 
also be discussed, even when there is no basis for a precise 
quantitative estimate. Uncertainty of the cost and benefit 
(or effects) estimates should be treated explicitly, as 
described above. The prescribed discount rate should be 
used to evaluate all alternatives. Specifically, the evalua- 
tions should - not use different discount rates to reflect the 
relative uncertainty of the alternatives. 

7. Discount rate policy. The discount rates to be used for 
evaluations of programs and projects subject to the guidance 
of this Circular are as follows: 

a. A rate of 10 percent; and, where relevant, 

b. Any other rate prescribed by or pursuant to law, 
Executive order, or other relevant Circulars. 

The prescribed discount rate of 10 percent represents an 
estimate of the average rate of return on private investment; 
before taxes and after inflation. 

To assist in calculation, Attachment B contains discount 
factors for the discount rate of 10.0 percent for each of 
the years from one to fifty. 

8. Interpretation. Questions concerning interpretation of 
this Circular should be addressed to the Assistant Director 
for Evaluation, Office of Management and Budget (395-3614). 

GEORGE P. SHULTZ 
DIRECTOR 
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